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THE  FEDERAL  GOVERNMENT  AND  THE 
UNIVERSITY  RESEARCH  INFRASTRUCTURE 


TUESDAY,  MAY  21,  1985 

House  of  Representatives, 
Committee  on  Science  and  Technology, 

Task  Force  on  Science  Policy, 

Washington,  DC. 

The  task  force  met,  pursuant  to  call,  at  10:10  a.m.,  in  room  2318, 
Raybunr House  Office  Building,  Hon.  Don  Fuqua  (chairman  of  the 
tr.sk  force)  presiding. 

Mr.  Fuqua.  This  morning  our  task  force  begins  2  days  of  hear- 
ings on  an  important  but  complex  issue,  that  of  the  Federal  Gov- 
ernment's role  in  providing  a  research  infrastructure  at  the  Na- 
tion's research  institutions. 

This  is  an  issue  which,  since  1945,  seems  to  come  before  us  peri- 
odically. Thus  we  saw  in  the  1960's,  both  the  National  Science 
Foundation  and  National  Institutes  of  Health  provided  extensive 
support  for  research  facilities  and  training  facilities.  In  thel970's, 
little  concern  was  expressed  about  the  need  for  such  a  role  until 
the  end^of  the  decade  when  the  instrumentation  obsolescence  issue 
was  raised,  and  in  the  last  2  years,  the  request  for  buildings  and 
building  modifications  Has  again  come  before  us. 

In  addition,  our  committee  has  also  had  to  provide  for  newly 
emerging  infrastructure  needs  such  as  supercomputers.  These  indi- 
vidual research  support  requirements  are  all  part  of  the  broader 
set  of  needs  which  taken  together  have  come  to  be  termed  "re- 
search infrastructure."  This  includes  in  addition  to  buildihgs,  in- 
struments, and  computers,  such  things  as  research  libraries,  re- 
search hospitals,  and  a  wide  range  of  research  support  personnel 
such  as  technicians,  assistants,  and  secretarial  staff.  In  these  hear- 
ings we  have  begun  our  inquiry  into  what  the  long-term  needs  for 
infrastructure  support  are  likely  to  be  and  what  the  role  of  the 
Federal  Government  should  be  in  meeting  thos£  needs.  We  expect 
to  learn  what  the  jther  sources  of  support  are,  such  as  State  gov- 
ernment, private  giving,  and  an  extensive  system  of  indirect  cost 
payments  which  are  providing  to  support  and  maintain  research 
infrastructure. 

We  also  want  to  explore  the  alternative  mechanisms  that  may 
have  been  available  to  provide  Federal  support  for  research  infra- 
structure. Should  separate  categorical  programs  for  the  support  of 
individual  infrastructure  needs,  such  as,  for  example,  instrumenta- 
tion and  supercomputers,  be  put  in  place?  Should  more  general  in- 
stitutional support  programs  giving  more  latitude  for  the  individ- 

(1) 
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ual  institutions  be  used?  Or  would  it  be  better  to  increase  signifi- 
cantly the  payments  of  indirect  costs  and  through  this  mechanism 
provide  the  ftmds  for  infrastruture  needs? 

All  of  these  are  difficult  and  important  questions.  We  are  de- 
lighted to  have  a  group  of  outstanding  witnesses  to  discuss  them 
with  .us  today. 

We  begin  with  Benjamin  Healy,  Deputy  Director  of  the  Office  of 
Science  and  Technology  Policy,  Executive  Office  of  the  President. 
Did  I  say  Benjamin?  I  am  sorry,  I  apologize. 
I  need  new  glasses,  I  guess. 

Thank  you  very  much,  we  will  be  delighted  to  hear  from  you. 
[A  biographical  sketch  of  Dr.  Healy  follows:] 

Bkrnadine  Healy,  M.D.1 

Dr.  Bernadine  Healy  is  Deputy  Director  of  the  Office  of  Science  and  Technology 
Policy,  Executive  Office  of  the  President  Her  appointment  was  made  by  President 
Reagan  and  confirmed  by  the  Senate  in  June  of  1984.  Prior  to  that  time  she  was 
Professor  of  Medicine  at  The  Johns  Hopkins  Hospital  and  School  of  Medicine. 
_  Dr  Healy  was  born  in  New  York  City,  completed  secondary  school  at  the  Hunter 
CoUeKe  High  School,  graduated  from  Vassar  College,  summa  cum  laude,  in  1965, 
and^the  Harvard  Medical  School,  cum  laude,  in  1970.  She  completed  advanced  poet 
graduate  training  in  internal  medicine,  anatomic  pathology,  and  cardiovascular  dis- 
ease at  The  Johns  Hopkins  School  of  Medicine.  She  joined  the  faculty  of  medicine 
and  pathology  at  Johns  Hopkins  in  June  1976  where  she  had  clinical  responsibilities 
Mid  ran  an  active  research  program  in  cardiovascular  pathology.  In  1977  she 
became  Director,  of  the  Coronary  Care  Unit  of  The  Johns  Hopkins  Hospital.  In  1979 
she  assumed  the  additional  role  of  Assistant  Dean  for  Poet  Doctoral  Programs  and 
Faculty  Development,  a  position  which  included  responsibilities  for  approximately 
900  post  graduate  physicians,  and  policy  issues  regarding  appointment  and  academic 
advancement  of  the  medical  faculty. 

..^J- Healy  has  been  President  of  the  American  Federation  of  Clinical  Research 
(AFCR),  and  was  Chairman  of  its  Public  Policy  Committee.  She  is  on  the  Board  of 
Directors  of  the  American  Heart  Association,  is  Chairman  of  the  Scientific  Sessions, 
and  has  served  as  Vice  President  and  Chairman  of  the  Research  Committee  of  the 
Maryland  affiliate.  She  has  served  on  the  Board  of  Governors  of  the  American  Col- 
lege  of  Cardiolocy,  was  a  member  of  several  Advisory  Committees  to  the  National 
Heart,  Lung  and  Blood  Institutes  and  the  Cardiovascular  Devices  Committee  of  the 
Food  and  Drug  Administration. 

Dr.  Healy  is  the  author  or  co-author  of  nearly  200  medical  and  scientific  articles, 
m<*"y  ^  the  area  of  cardiovascular  research  and  medicine,  and  has  served  on  the 
Editorial  Boards  of  numerous  scientific  journals.  She  has  been  a  member  of  the 
Board  of  Directors  of  the  Stetler  Research  Fund  for  Women  Physicians.  Dr.  Healy  is 
a  recipient  of  the  1983  National  Board  Award  for  Medicine  of  the  Medical  College  of 
Pennsylvania  and  is  a  member  of  several  honorary  societies,  including  Phi  Beta 
Kappa,  Alpha  Omega  Alpha,  and  the  American  Society  of  Clinical  Investigation. 

in  her  presentposition  at  OSTP  she  is  involved  in  life  sciences  and  regulatory 
issues;  ib  the  OSTP  representative  to  several  panels  including  the  National  Cancer 
Advisory  Board  and  the  National  Heart,  Lung,  and  Blood  Institute  Council;  is  execu- 
tive secretary  of  the  White  House  Science  Panel's  Study  on  the  Health  of  the  Uni- 
versities; and  chairs  the  White  House  Cabinet  CouncilWorking  Group  on  Biotech- 
nology. 

STATEMENT  OF  DR.  BERNADINE  HEALY,  DEPUTY  DIRECTOR, 
OFFICE  OF  SCIENCE  AND  TECHNOLOGY  POLICY,  EXECUTIVE 
OFFICE  OP  THE  PRESIDENT,  WASHINGTON,  DC 

Dr.  Healy.  Thank  you,  Mr.  Chairman. 

I  am  pleased  to  be  here  today  to  discuss  one  of  the  most  impor- 
tant issues  affecting  the  future  of  our  Nation:  the  health  of  our 
university  system,  and  specifically,  the  condition  of  the  research  fa- 
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ciiities  and  equipment  in  our  universities  and  colleges.  I  would  like 
to  confine  my  remarks  today  to  the  policy  issues  we  face,  on  the 
assumption  that  my  colleagues  from  the  universities  and  industry 
are  in  the  best  position  to  provide  an  accurate  picture  of  the  physi- 
cal condition  of  research  infrastructure  in  our  universities. 

Assessing  the  condition  of  university  research  infrastructure  is 
not  an  easy  task.  Each  university  has  unique  needs  and  long-term 
objectives,  and  is  at  a  unique  stage  of  its  own  physical  and  intellec- 
tual development.  Estimates  of  the  cost  of  renovating  and  modern- 
izing the  university  research  infrastructure  ranges  from  about  $5 
billion  to  over  $20  billion  in  a  period  of  around  5  years.  To  get 
more  specific  than  that  often  requires  arbitrary  judgments. 

m  What  we  do  know  is  that  present  conditions  do  not  make  us  espe- 
cially comfortable  about  the  prospects  that  our  university  system 
will  be  able  to  meet  our  Nation's  needs  in  coming  years. 

As  many  of  you  are  aware,  for  the  past  year,  a  Panel  of  the 
White  House  Science  Council  has  been  studying  the  health  of  our 
university  system.  The  Panel  was  asked  to  address  one  fundamen- 
tal question:  "Are  our  colleges  and  universities  prepared  to  train 
and  educate  the  talent  we  need  to  remain  preeminant  in  an  age  of 
•rapid  technological  change  and  intense  competition?" 

In  a  matter  of  months,  the  Panel,  which  is  chaired  by  Mr.  David 
Packard,  will  release  its  report.  As  the  Panel  has  addressed  the 
issue  of  infrastructure  at  some  length,  many  of  my  remarks  will 
resemble  those  expressed  in  the  forthcoming  report.  I  should  stress, 
however,  that  I  do  not  claim  to  speak  on  behalf  of  the  Panel;  and 
because  their  work  is  not  yet  completed,  I  will  not  be  able  to  dis- 
cuss their  recommendations  in  great  detail. 

The  central  issue  the  Panel  is  addressing  is  not  merely  whether 
the  universities  are  physically  equipped,  or  have  adequate  faculty, 
to  train  the  talent  our  Nation  needs  today.  The  real  issue  is  wheth- 
er our  Nation  is  in  a  position  to  ensure  that  the  universities  are 
able  to  train  such  talent  consistently  and  continuously  for  the  fore- 
seeable future.  This  is  a  subtle,  but  important  distinction. 

We  are  concerned  about  more  than  the  specific  infrastructure 
problems  we  currently  face.  The  American  university  system  is  dis- 
tinctive in  that  our  universities  conduct  research  and  education  ac- 
tivities simultaneously.  In  fact,  in  most  graduate  programs  in  sci- 
ence and  engineering,  the  graduate  student  is  being  trained  while 
he  or  she  participates  in  research.  Research  in  universities  thus 
yields  a  dual  dividend:  talent  and  new  knowledge.  Strengthening 
the  research  capabilities  of  a  university  by  definition  strengthens 
the  education  capabilities  of  the  university,  and  vice  versa. 

The  link  is  important,  because  it  is  largely  due  to  the  simultane- 
ous practice  of  research  and  training  that  America  maintains  such 
undisputed  world  leadership  in  science.  In  no  other  nation  are  stu- 
dents trained  by  such  eminent  practicing  scientists  as  they  are  in 
the  United  States.  That  we  have  won  the  overwhelming  mmority  of 
the  Nobel  Prizes  in  science  in  the  last  decade  attests  to  that  suc- 
cess. 

But  world  leadership  in  technology  is  a  much  more  complex  en- 
deavor. Our  technological  capabilities  reside  in  a  complex  interrela- 
tionship among  Government,  industry,  and  the  universities.  At  the 
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risk  of  oversimplifying  a  bit,  let  me  try  to  describe  this  interrela- 
tionship. 

Industry  employs  scientists  and  engineers  to  apply  new  knowl- 
edge to  specific  problems— the  result  of  which  is  new  technology. 
The  universities'  role  is  to  provide  new  talent,  in  the  form  of  new 
scientists  and  engineers  ana  new  knowledge  on  a  continuous  basis. 
Government's  role  is  to  provide  the  climate  that  promotes  the  ap- 
propriate investment  by  both  the  public  and  private  sectors  to  meet 
the  Nation'y  present  and  future  demands  for  talent  and  new 
knowledge. 

Ideally,  this  interrelationship  is  a  partnership  among  the  three 
central  institutions.  The  partnership  works  beet  through  team- 
work, with  each  partner  reinforcing  the  other's  capabilities  to  re- 
spond to  the  challenges  of  competition  and  technological  change. 

It  is  industry  that  it  most  affected  by  rapid  change;  it  is  industry, 
too,  that  most  heavily  depends  on  universities  to  help  it  adapt  and 
contribute  to  change.  Of  the  three,  industry  in  particular  feels  the 
heat  of  competition.  Industry,  thereiore,  is  "the  key  to  the  universi- 
ties ability  to  adapt  to  the  changing  demands  of  the  world  around 
them. 

The  universities  are  uniquely  able  to  assess  their  own  immediate 
strengths  and  weaknesses.  The  reason:  Because  they  are  nearest  to 
the  problems,  and  because,  in  their  research  and  teaching  activi- 
ties, they  are  made  aware  of  society's  needs,  and  their  own  institu- 
tions' abilities  to  respond  to  them. 

The  Government  is,  however,  the  only  one  of  the  three  in  a  posi- 
tion to  take  the  broad,  long-term  view.  Industry  is  necessarily  con- 
cerned about  the  nearer  term— issues  like  the  number  of  engineers 
graduated  per  year  in  a  given  field.  These  issues  are  resolved  in  a 
supply  and  demand  interaction  between  induatrv  and  the  universi- 
ties. But  the  Government  is  in  a  special  position  to  worry  about 
long-term  issues  like  the  productivity  of  the  research  enterprise, 
the  quality  of  the  talent  and  new  knowledge  our  universities 
produce,  the  overall  ability  of  the  universities  to  adapt  and  respond 
to  the  changing  demands  of  industry  and  the  rest  of  society,  and  so 
on. 

These  are  global  needs  vital  to  our  Nation  that  the  Federal  Gov- 
ernment must  address,  along  with  our  ur:versities,  our  State  and 
local  governments  and  our  industries. 

This  is  why  so  many  say  that  Federal  funding  of  basic  research  is 
an  investment.  The  Government  is  not  buying  packages  of  research 
results^  it  is  investing  in  the  long-term  strength  of  the  research  and 
education  enterprise. 

So,  what  does  this  mean  when  we  discuss  the  condition  of  infra- 
structure in  our  universities?  We  all  agree  that  there  are  deficien- 
cies. But  the  central  question  is  not  so  much  what  to  do  about  the 
present  condition  of  the  university  research  infrastructure.  The 
real  question  is  more  fundamental:  Is  the  partnershp  among  indus- 
try, Government,  and  the  universities  functioning  in  a  manner 
which  ensures  that  the  United  States  will  maintain  a  healthy, 
modern  research  infrastructure? 

I  think  most  of  us  would  agree  that,  given  its  present  condition, 
and  in  spite  of  the  strengthened  commitment  to  the  basic  research 
enterprise  which  Chairman  Fuqua  and  the  Committee  on  Science 

O 


5 

and  Teclinology,  and  many  others  in  Congress  have  shown  in  the 
last  several  years,  the  partnership  may  not  be  adeouate  to  the  task. 
Although  there  has  been  a  30  percent  real  growth  In  basic  research 
fundiiig  since  1981  and  a  23  percent  real  growth  in  university  basic 
research  funding  since  1980,  there  has  been  little  emphasis  on  in- 
frastructure. In  fact,  none  of  the  three  -partners  have  fully  ad- 
dressed this  issue  in  the  last  decade  or  more,  although  we  have  in 
the  last  few  years  begun  to  see  some  significant  improvement. 

After  Sputnik,  the  Government  began  a  whole  series  of  programs 
of  investment  in  new  facilities  and  equipment.  Our  research  capac- 
ity in  this  Nation  expanded  rapidly,  and  the  system  produced  much 
of  the  talent  and  new  knowledge  upon  which  today  s  technological 
revolution  is  based. 

But  in  the  early  1970's,  these  investments  were  discontinued. 
Construction  stopped;  By., the  late  1970's,  the  universities  warned 
that  unless  the  Government  came  up  with  new  facilities  funding, 
the  research  .infrastructure  was  in  trouble.  Industry  was  making 
some  contributions,  but  those  were  small  compared  to  the  benefits 
they  derived' from  the  talent  and  new  knowledge  produced  by  the 
universities. 

'  For  most  of  the  decade  of  the  1970's  and  into  the  early  1980*8, 
the  universities  themselves  behaved  largely  as  dependents  of  the 
Government,  abdicating  their  responsibility  for  infrastructure  and 
biding  their^time  until  Federal  facilities  programs  were  resumed. 
And  the  Government,  not  fully  acknowledging  its  responsibility  for 
the  long-term  health  of  the  system,  attempted  not  to  invest  in  the 
research  enterprise,  but  to  procure  packets  of  research  results  at 
the  lowest  possible  price. 

Facilities  use  allowance  reimbursements,  for  example,  are  based 
oe  an  average  useful  life  of  50  years  for  a  university  laboratory. 
The  actual  average  useful  life  of  a  modern  laboratory  is  probably 
closer  to  20  to  25  years,  as  it  is  for  industrial  laboratories.  As  for 
research  equipment,  in  addition  to  having  unrealistically  long  am- 
ortization periods— 15  years,  in  contrast  to  the  actual  6  to  8— the 
Government  also  micromanages  the  purchase  of  new  equipment. 

Although  financial  accountability  is  an  integral  part  of  good  Fed- 
eral management,  the  level  of  detail  required  by  OMB  circular  A- 
110  in  documenting  the  need  for  any  piece  of  equipment  costing 
more  than  $5,000^  is  an  unnecessary  burden.  The  Government  also 
requires  inventories  of  all  research  equipment  owned  by  an  institu- 
tion, presumably  to  serve  as  a  basis  on  which  to  compare  the  A-110 
screening  documents. 

Well,  what  should  we  do?  Simply  creating  a  new  multibillion 
dollar  facilities  program  may,  over  the  near  term,  improve  the  con- 
dition of  infrastructure,  but  it  won't  restore  teamwork  to  the  part- 
nership, or  prevent  a  boom-bust  cycle.  It  is  equally  important  that 
change  t^ke  place  in  the  attitudes  and  performance  of  each  of  the 
three  partners. 

The  Government  must  focus  on  our  research  expenditures  as  in- 
vesting in  the  research  enterprise  and  not  just  procuring  research 
results.  This  means  bearing  the  reasonable  and  necessary  costs  of 
the  research  it  sponsors.  But  it  means  more  than  that.  As  I  indicat- 
ed earlier,  the  Federal  Government  shares  the  responsibility  along 
with  the  universities  to  respond  and  adapt  to  the  changing  de- 
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mands  of  society.  As  regards  infrastructure  specifically,  I  would  say 
bringing  amortization  periods  for  both  facilities  and  equipment  into 
line  with  those  for  industry  would'  be  a  wise  and  appropriate 
change.  In  addition,  much  of  the  Federal  paperwork  and  manage- 
ment associated  with  university  research  should  be  reevaluated 
and  eliminated  if  inappropriate  or  unnecessarily  burdensome. 

The  universities  must  assume  a  far  more  significant  and  respon- 
sible role  in  managing  the  Nation's  investment  in  university  re- 
search. The  Government-university  relationship  should  be  a  mutu- 
ally reinforcing,  mutually  beneficial,  equal  partnership.  I  would 
hke,  for  example,  to  see  a  system  in  which  the  universities  would 
be  reimbursed  realistically  for  facilities  and  equipment  used  in 
Federally-sponsored  research  and  fcr  the  universities  to  take  a 
leadership  role  in  identifying  cost  savings  associated  with  research 
overhead. 

As  for  industry,  a  direct  involvement  by  industry  in  the  universi- 
ty research  process  offers  significant  benefits  to  both.  Direct  contri- 
butions of  state-of-the-art  research  equipment,  and  industry-univer- 
sity cooperation  in  its  use  and  maintenance,  is  one  remedy  for 
some  of  the  weaknesses  in  the  partnership.  Unrestricted  donations, 
as  well  as  donations  toward  renovation  or  ne^  construction  of  fa- 
cilities, should  be  encouraged. 

I  would  anticipate  that  some  of  this  will  cost  money.  But  we 
must  ask  ourselves,  can  our  Nation  remain  competitive  in  this  fast- 
changing  age  if  we  are  not  training  the  very  best  talent  we  can? 
An  increased  ^Federal  commitment  to  university  research  is  indeed 
an  investment— an  investment  that  we  probably  cannot  get  along 
without.  Because  only  the  universities  train  and  educate  the  talent 
that  is  so  central  to  our  continued  world  leadership  in  both  science 
and  technology,  university  research  is  the  highest  priority  in  the 
civilian  R&D  effort. 

Yet,  of  the  more  than  $20  billion  we  spend  on  civilian  R&D, 
about  $6  billion  is  invested  in  university  research.  This  balance 
may  be  inapprorpiate  to  today's  circumstances.  Since  the  budget 
deficit  forces  us  to  select  from  among  competing  priorities,  I  would 
suggest  that  we  continue  what  we  all  began  several  years  ago,  and 
redirect  civilian  R&D  funds  from  lower  priority  areas,  particularly 
technology  development  projects,  to  the  highest  priority,  universi- 
ty-based basic  research.  This  would  permit  us  to  be  both  fiscally  re- 
sponsible and  attentive  to  the  need  for  investment  in  the  future 
growth,  prosperity  and  leadership  of  our  Nation. 

I  would  be  pleased  to  answer  questions.  Thank  you. 

[The  prepared  statement  of  Dr.  Healy  follows:] 
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PROPOSED  REMARKS  OP  DR.  BERNADINE  HEALY,  M.D. 
DEPUTY  DIRECTOR 
OFFICE  OF  SCIENCE  AND  TECHNOLOGY  POLICY 
EXECUTIVE  OFFICE  OF  THE  PRESIDENT 

MAY  21,  1985 

Mr.  Chairman ,  I  am  pleased  to  be  here  today  to  discuss  . 
one  of  the  roost  important  issues  affecting  the  future  of  our 
nation:    the  health  of  our  university  system,  and  specifically, 
the  condition  of  the  research  facilities  and  equipment  in  our 
universities  and  colleges.     I  would  like  to  confine  my  remarks 
today  to  the  policy  issues  we  face,  on  the  assumption  that  roy 
collegues  from  the  universities  and  industry  are  in  the  best 
position  to  provide  an  accurate  picture  of  the  physical 
condition  of  research  infrastructure  in  our  universities. 

Assessing  the  condition  of  university  research  infrastructure 
is  not  an  easy  task.    Each  university  has  unique  needs  and  long 
term  objectives,  and  is  at  a  unique  stage  of  physical  and 
intellectual  development.     Estimates  of  the  costs  of  renovating 
and  modernizing  the  university  research  infrastructure  range 
from  about  $5  billion  to  over  $20  billion  in  a  period  of  around 
five  years.    To  get  more  specific  than  that  would  require  arbitrary 
judgments.    What  we  do  know  is  that  present  conditions  do  not 
make  us  especially  comfortable  about  the  prospects  that  our 
university  system  will  be  able  to  meet  our  nation's  needs  in 
coming  years. 
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As  many  of  you* are  aware,  for  the  past  year,  a  Panel  of 
the  White  House  Science  Council  has  been  studying  the  health  of 
our  university  system*    The  Panel  was  created  by  Dr*  George  A* 
Keyworth,  the  President's  Science  Advisor,  who  asked  them  to 
address  one  fundamental  question:    "Are  our  colleges  and  universities 
prepared  to  train  and  educate  the  talent  we  need  to  remain 
pree<ainant  in  an  age  of  rapid  technological  change  and  intense 
competition?" 

In  a  matter  of  months,  the  Panel,  which  is  chaired  by 
Mr*  David  Packard,  will  release  its  report*    As  the  Panel  has 
addressed  the  issue  of  infrastructure  at  some  length,  many  of  my  remarks 
today  will  resemble  those  expressed  in  the  forthcoming  report*  I 
should  stress,  however,  that  I  do  not  claim  to  spoak  on  behalf 
of  the  Panel;  moreover,  because  their  work  is  not  yet  completed, 
I  will  not  be  able  to  discuss  their  recommendations  in  great  detail* 

The  central  issue  the  Panel  is  addressing  is  not  merely 
.ether  the  universities  are  physically  equipped,  or  have  adequate 
faculty,  to  train  the  talent  our  nation  needs  today*    The  real 
issue  is  whether  our  nation  is  in  a  position  to  ensure  that  the 
universities  are  able  to  train  such  talent  consistently  and 
continuously  for  the  foreseeable  future*    This  is  a  subtle,  but 
important  distinction* 

If  I  may  digress  for  a  moment,  I  think  I  can  demonstrate  to 
you  why  we  are  concerned  about  more  than  the  specific  infrastructure 


problems  we  currently  face.    The  American  university  system  is 
distinctive  in  that  our  universities  conduct  research  and  education 
activities  simultaneously.    In  fact,  in  most  graduate  programs  in 
science  and  engineering,  the  graduate  student  is  being  trained 
while  he  or  she  participates  in  research*    Research  in  universities 
thus  yields  a  dual  dividend:    talent  and  new  knowledge.  Strengthening 
the  research  capabilities  of  a  university  by  definition  strengthens 
the  education  capabilities  of  the  university,  and  vice  versa. 

The  link  is  important,  because  it  is  largely  due  to  the 
simultaneous  practice  of  research  and  education  that  America  maintains 
such  undisputed  world  leadership  in  science*    In  no  other  nation 
are  students  trained  by  such  eminent  practicing  scientists  as  they 
are  in  the  U.S.    That  we  have  won  the  overwhelming  majority 
of  the  Nobel  prizes  in  science  in  the  last  decade  attests  to 
that  success. 

But  world  leadership  in  technology  is  a  much  more  complex 
endeavor.    Our  technological  capabilities  reside  in  a  complex 
interrelationship  among  government,  industry,  and  the  universities. 
At  the  risk  of.  oversimplifying  a  bit,  let  me  try  to  describe 
this  interrelationship.    Industry  employs  scientists  and  engineers 
to  apply  new  knowledge  to  snecific  problems—the  result  of  which 
is  new  technology.    The  universities1  role  is  to  provide  new  talent, 
in  the  form  of  new  scientists  and  engineers  and  new  knowledge  on 
a  continuous  basis.    Government's  role  is  to  provide  the 
climate  that  promotes  the  appropriate  investment  by  both  the 
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public  and  private  sectors  to  meet  the  nation's  present  and  future 
demands  for  talent  and  new  knowledge. 

Ideally,  this  interrelationship  is  a  partnership  among  the 
three  central  institutions.    The  partnership  works  best  through 
teamwork,  with  each  partner  reinforcing  the  other's  capabilities 
to  respond  to  the  challenges  o*  competition  and  technological 


It  is  industry  that  is  most  affected  by  rapid  change;  it 
is  industry,  too,  that  most  heavily  depends  on  universities  to 
help  it  adapt  and  contribute  to  change.    Of  the  three,  industry 
in  particular  feels  the  heat  of  competition.    Industry,  therefore, 
is  the  key  to  the  universities'  ability  to  adapt  to  the  changing 
demands  of  the  world  around  them. 

The  universities  are  uniquely  able  to  assess  their  own  immediate 
strengths  and  weaknosses.    Ask  a  researcher  which  wheels  need  grease — 
a  new  NMR  machine,  larger  computing  capacity — and  he  or  she  can 
answer  immediately.    The  reason:    because  they're  nearest  to  the 
problems,  and  because,  in  their  research  and  teaching  activities, 
they  are  made  aware  of  society's  needs,  and  their  own  institutions' 
abilities  to  respond  to  them. 

The  government  is,  however,  the  only  one  of  the  three  in  a 
position  to  take  the  broad,  long-term  view.    Industry  is  necessarily 
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concerned  about  the  nearer  term-issues  like  the  number  o£  ongineers 
graduated  per  year  in  a  given  field.    These  issues  are  resolved  in 
a  supply  and  demand  interaction  between  industry  and  the  universities. 
But  the  government  is  i„  a  special  position  to  worry  about  long-term 
issues  like  the  productivity  of  the  research  enterprise,  the 
quality  of  the  talent  and  new  knowledge  our  universities  produce, 
the  overall  ability  of  the  universities  to  adapt  and  respond  to  the 
changing  demands  of  industry  and  the  rest  of  society,  and  so  on. 
These  are  global  needs  vital  to  our  nation  that  the  federal  government 
must  address,  along  with  our  universities,  our  State  and  local 
governments  and  industry. 

This  is  why  so  many  say  that  federal  funding  of  basic  research 
is  an  invests.    The  government  is  not  buying  packages  of  research 
results;  it  is  investing  in  the  long  term  strength  of  the  research 
and  education  enterprise. 

So,  what  does  this  mean  when  we  discuss  the  condition  of 
infrastructure  in  our  universities?    We  all  agree  that  there  are 
deficiencies.    But  the  central  question,  I  hope  I  have  now 
explained,  is  not  so  much  what  to  do  about  the  present  condition 
of  the  university  research  infrastructure.    The  real  question 
is  more  fundamental:    Is  the  partnership  among  industry, 
government,  and  the  universities  functioning  in  a  manner  which 
ensures  that  the  U.S.  will  maintain  a  healthy,  modern  research 
infrastructure? 
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I  think  most  of  us  would  agree  that,  given  its  present 
condition,  and  in  spite  of  the  strengthened  commitment  to  the 
basic  research  enterpise  which  Chairman  Puqua  and  the  Committee 
on  Science  and  Technology,  and  many  others  in  Congress  have  shown 
in  the  last  several  .years,  the  partnership  may  not  be  adequate  to  the 
task*    Although  there  has  been  a  30%  real  growth  in  basic  research 
funding  since  1981  and  a  23%  real  growth  in  university  basic 
research  funding  since  1980,  there  has  been  little  emphasis  on 
infrastructure*    In  fact,  none  of  the  three  partners  have  fully 
addressed  this  issue  in  the  last  decade  or  more,  although  we  have 
in  the  last  few  years  begun  to  see  some  significant  improvement* 

After  Sputnik,  the  government  began  a  whole  series  of  programs 
of  investment  in  new  facilties  and  equipment*    Our  research  capacity 
in  thic  nation  expanded  rapidly,  and  the  system  produced  much  of 
the  talent  and  new  knowledge  upon  which  today* s  technological 
revolution  is  based* 

But  in  the  early  1970s,  these  investments  were  discontinued* 
Construction  stopped*     By  the  late  1970s,  the  universities  warned 
that  unless  the  government  came  up  with  new  facilities  funding,  the 
research  infrastructure  was  in  trouble*     Industry  was  making  some 
contributions,  but  those  were  small  compared  to  the  benefits  they 
derived  from  the  talent  and  new  knowledge  produced  by  the 
universities*    The  universities  themselves  behaved  largely  as 
dependents  of  the  government,  abdicating  their  responsibility 
for  infrastructure  and  biding  their  time  until  federal  facilities 
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programs  were  resumed.    And  the  government,  not  fully  acknowledging 
its  responsibility  for  the  long  term  health  of  the  system,  attempted 
not  to  invest  in  the  research  enterprise,  but  to  procure  packets  of 
research  results  at  the  lowest  possible  price.    Facilities  use 
allowance  reimbursements ,  for  example,  are  based  on  an  average 
useful  life  of  50  years  for  a  university  laboratory.    The  actual 
average  useful  life  of  a  modern  laboratory  is  probably  about 
20-25  years,  as  it  is  for  industrial  laboratories.    As  for  research 
equipment,  in  addition  to  having  unrealistically  long  amortization 
periods — 15  years,  in  contrast  to  the  actual  6  to  8 — the  government 
also  raicromanages  the  purchase  of  new  equipment.    Although  financial 
accountability  is  an  integral  part  of  good  federal  management,  the 
level  of  detail  required  by  0MB  Circular  a-110  in  documenting  the 
need  for  any  **ece  of  equipment  costing  more  than  $5,000  is  an 
unnecessary  burden.    The  government  also  requires  inventories  of 
all  research  equipment  owned  by  an  institution,  presumably  to  serve 
as  a  basis  on  which  to  compare  the  A-110  screening  documents. 

Well,  what  should  we  do?    Simply  creating  a  new  multi- 
billion  dollar  facilities  program  may,  over  the  near  terra,  improve 
the  condition  of  infrastructure,  but  it  won't  restore  teamwork  to 
the  partnership,     it  is  equally  important  that  change  take  place  in 
the  attitudes  and  performance  of  each  of  the  three  partners. 

The  government  must  focus  on  our  research  expenditures  as 
investing  in  the  research  enterprise  and  not  procuring  research 
results.    This  means  bearing  the  reasonable  and  necessary  costs  of 
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the  research  it  sponsors.    But  it  means  more  than  that.    As  I 
indicated  earlier,  t/.e  federal  government  shares  the  responsibility 
along  with  the  universities  to  respond  and  adapt  to  the  changing 
demands  of  society.    As  regards  infrastructure  specifically,  I 
would  say  bringing  amortisation  periods  for  both  facilities  and 
equipment  into  line  with  those  for  industry  would  hA  a  wise  and 
appropriate  change,     in  addition,  much  of  the  federal  paperwork  and 
management  associated  with  university  research  should  be  reevaluated 
and  eliminated  if  inappropriate  or  unnecessarily  burdensome. 

Accordingly,  however,  the  universities  must  assure  a  feu  mote 
significant  and  responsible  role  in  managing  the  nation's  investment 
in  university  research.    The  government-university  relationship 
shoulc  be  a  mutually  reinforci/.n .  mutually  beneficial,  equal  partner- 
ship.    I  vould  like,  for  example/  to  see  a  system  in  which  the 
universities  would  be  reimbursed  realistically  for  facilities  and 
equipment  used  in  federally  sponsored  research  and  tcr  the  university 
to  take  a  leaders*  .p  role  in  identifying  cost  savings  asso  ia*ed 
„ 1 th  research  overhead. 

As  for  industry,  a  direct  involvement  by  industry  in  the 
university  research  process  offer*  significant  benefits  to  both. 
Direct  contributions  of  state-of-the-art  research  equipment, 
and  industry-university  cooperation  in  its  use  and  maintenance, 
is  one  remedy  for  many  weaknesses  in  the  partnership.  Unrestricted 
donations,  as  well  as  donations  toward  renovation  or  new  construction 
of  facilities,  should  also  be  encouraged. 
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I  would  anticipate  that  some  of  this  will  cost  money.  But 
we  must  ask  ourselves,  can  our  nation  remain  competitive  in  this 
fast-changing  age  if  we're  not  training  the  very  best  talent  we 
»'  can?    An  increased  federal  commitment  to  university  research  is 
indeed  an  investment — an  investment  that  we  probably  can't  get 
along  without.    Because  only  the  universities  train  and  educate 
the  talent  that  is  so  central  to  our  continued  world  leadership 
in  both  science  and  technology,  university  research  is  the  highest 
priority  in  the  civilian  R&D  effort.    Yet,  of  the  more  than  $20 
billion  we  3pend  on  civilian  RfcD,  about  $6  billion  is  invested  in 
university  research.    This  balance  may  be  inappropriate  to  today's 
circumstances.    Since  the  budget  deficit  forces  us  to  select  from 
among  competing  priorities,  I  would  suggest  that  we  continue  what 
we  all  began  several  years  ago,  and  redirect  civilian  R6D  funds 
from  lower  priority  areas,  particularly  technology  development 
projects, 

to  the  highest  priority,  university  based  basic  research.  Thi3 
would  permit  us  to  be  both  fiscally  responsible  and  attentive 
to  the  need  for  investment  in  the  future  growth,  prosperity,  and 
leadership  of  our  nation. 

I  would  now  be  pleased  to  answer  any  questions  you  might 

have. 
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DISCUSSION 

Mr.  Fuqua.  Thank  you  very  much,  Dr.  Healy. 

That  was  a  very  constructive  statement,  I  might  add. 

Dr.  Keyworth  has  testified  before  the  committee  before  and  dis- 
cussed in  generalities  this  same  issue.  The  question  that  I  guess 
comes  to  my  mind  is  the  fact  that  we  are  talking  about  doubling 
the  universities'  capacity  to  produce  new  Ph.D.'s  or  even  tripling  it 
maybe,  by  the  year  2010  to  meet  the  demands  that  have  been  fore- 
cast that  would  be  required. 

Now,  what  I  am  concerned  about  is  are  we  just  trying  to  meet 
the  current  demands  and  not  factoring  in  that  increased  number 
that  we  are  going  to  need?  Do  you  have  any  opinion  about  that? 

Dr.  Healy.  I  think  I  

Mr.  Fuqua.  I  hope  I  am  making  myself  clear. 

Dr.  Healy.  Yes,  you  are,  and  I  quite  agree  with  your  concern, 
and  the  White  House  Science  Council  Panel  has  been  trying  to 
stress  the  fact  that  the  issue  is  not  whether  facilities  are  adequate 
or  whether  the  equipment  today  is  adequate,  but  what  about  the 
long-term  future?  Are  we  strategically  planning?  I  think  this  is 
clearly  an  issue  of  broadest  and  pressing  concern.  I  think  the  com- 
mittee such  as  yours  and  the  white  House  Science  Panel  are  the 
kinds  that  should  be  addressing  these  issues.  I  think  industry  and 
the  universities  now  are  worried  about  their  budgets  and  their 
planning  for  the  next  3  months  and  the  next  year. 

Mr.  Fuqua.  You  would  be  a  hero  about  your  comments  about 
Circular  110. 

Dr.  Healy.  Heroine. 

Mr.  Fuqua.  Can  we  expect  that  to  be  implemented  any  time 
soon? 

Dr.  Healy.  Any  time  soon?  Depends  how  you  define  soon.  As  you 
know,  things  don't  work  with  real  swiftness  sometimes. 

Mr.  Fuqua.  You  also  mentioned  in  your  statement  about  the 
changing  of  the  amortization  schedules  and  so  forth.  I  think  it 
would  be  an  excellent  idea.  However,  that  is  more  in  the  long- 
range  and  really  doesn't  address  the  short-range  situation  where 
we  are  approaching  20  years  in  some  of  those  that  were  built  in  the 
late  1950  s  and  early  1960's  when  those  programs  were  then  in  use, 
plus  the  equipment  associated  with  that,  too.  You  also  state  that 
the  universities  themselves  behave  largely  as  dependents  of  the 
Government,  abdicating  their  responsibilities  and  biding  their  time 
until  a  Federal  program  on  facilities  is  resumed.  Is  there  anything 
that  can  be  done  to  change  the  attitude  on  the  part  of  the  universi- 
ties? 

Dr.  Healy.  I  think  there  have  been  signs  of  change.  I  think  that 
was  prevalent  in  the  1970's  when  people  expected  big  construction 
grants  to  be  resumed  that  we  saw  in  the  1960's.  I  think  that  most 
of  our  m^jor  research  universities  have  recognized  that  they 
cannot  afford  to  wait  for  what  might  come  along.  I  think  there 
are — we  are  seeing  substantial  movement  and  more  creative  ap- 
proaches as  you  have  suggested  in  floating  bond  issues  to  renew  in- 
frastructure. 

But  I  think  that  the  problem  is  so  large  that  in  all  likelihood  the 
universities,  when  they  are  doing  a  substantial  amount  of  federally 
sponsored  research,  particularly,  cannot  handle  it  alone.  I  think 
the  Government  has  to  be  a  partner  in  it. 
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u  To  this  extent,  the  universities  that  have  taken  the  lead  in  start- 
ing to  renew  their  infrastructure  and  come  up  with  more  creative 
approaches  to  the  problem  ,  are  not  functioning  as  dependents.  I 
think  it  is  important  that  they  truly  be  part  of  that  investment 
partnership  with  the  Federal  Government  as  part  of  it. 

Also,  the  State  governments— I  think  we  are  seeing  a  very  excit- 
ing motion  on  the  part  of  State  and  local  governments  to  become 
part  of  this  effort  both  with  industry  and  with  universities. 

Mr,  Puqua.  Thank  you. 

Mr.  Brown. 

Mr.  Brown.  Thank  you,  Mr.  Chairman. 

Dr.  Healy,  I  have  been  looking  both  at  your  testimony  and  at  the 
text  of  the  National  Science  Engineering  and  Technology  Policy 
Priorities  Act  which  this  committee  spawned  several  years  ago,  and 
I  am  wondering  if  there  are  any  defects  in  language  of  this  act 
which  may  have  led.to  development  of  some  of  these  critical  prob- 
lems, such  as  the  infrastructure  problem,  and  while  I  must  confess 
to  some  pride  of  authorship  as  far  as  this  committee  is  concerned 
in  the  act— I  have  a  tendency  perhai*  to  gloss  over  its  deficien- 
cies—nevertheless, it  seems  to  me  this  act  clearly  places  on  the 
Office  of  Science  and  Technology  Policy  the  responsibility  for  ascer- 
taining, in  a  long-range  way,  the  development  of  problems  of  this 
sort,  and  recommending  to  the  President  and  to  Congress  strategies 
for  dealing  with  it.  I  sense  that  this  problem  has  crept  up  on  us 
without  being  faced  up  to  realistically,  and  yet  I  don't  see  from  the 
standpoint  of  what  the  Congress  could  have  done,  any  way  to 
better  anticipate  than  to  lay  out  the  responsibilities  as  we  have  in 
this  act. 

Can  you  discuss  with  me  why  broad  problems  of  this  sort  can  de- 
velop without  receiving  adequate  attention  and  sometimes  narrow- 
er problems?  To  give  you  an  example  of  a  narrower  problem,  I  was 
reading  in  the  last  couple  days— I  think  it  was  the  Scientific  Ameri- 
can magazine  article— lamenting  the  lack  of  support  for  basic  re- 
search in  mathematics,  a  fundamentally  important  field  to  us,  and 
if  this  is  true,  that  for  10  years  we  have  been  neglecting  this,  it  is  a 

{problem  that  requires  some  action.  Why  are  we  not  getting  a  sur- 
acrng  of  these  problems  in  a  more  timely  fashion  and  recommen- 
dations for  solution  to  them? 

Dr.  Healy.  Well,  I  think  that  perhaps  right  now  we  are.  You  can 
argue  why  has  it  taken  us  so  long,  but  I  think  that  one  of  the 
things  that  makes  me  extremely  optimistic  is  that  I  think  the  prob- 
lems of  our  research  universities,  the  essentiality  of  our  research 
universities  to  the  Nation  as  a  whole,  is  being  perceived  in  a  bipar- 
tisan fashion  and  is  clearly  perceived  by  the  Congress  and  is  per- 
ceived by  the  administration. 

I  don't  think  it  is  a  coincidence  that,  really  totally  independent- 
ly your  committee  has  addressed  this  issue  and  the  White  House 
Science  Office  has. taken  this  on.  I  think  that, you  may  be  nudging 
SSiS^ft  and  suggesting  we  may  have  done  it  a  little  sooner  over  at 
OSTP,  but  we  did  start  this.about  a  year  ago  and  I  think  that  both 
your— the  congressional  efforts  and  efforts  of  the  administration 
are  trying  to  remedy  perhaps  this  past  fault  which  is  not  thinking 
enourfr  strategically,  thinking  in  terms  of  procuring  packets  of  re- 
search or  putting  out  immediate  fires,  or  dealing  with  problems  in 
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the  next  few  months,  rather  than  saying:  "Is  this  of  substantial  in- 
vestment that  we  must  nurture,  can  we  get  along  with  boom  and 
bust  approaches  to  investment,  does  this  require  a  commitment?" 

I  think  one  of  the  fundamental  problems  in  all  our  investment  in 
science,  as  well  as  Li  universities,  is  the  perception  that  because  we 
renegotiate  the  budget  every  year  and  go  through  the  hassles  of 
th^budget  process,  we  are  somehow  renegotiating  the  commitment 
to  invest  in  our  scientific  enterprise.  The  nature  of  the  scientific 
enterprise  is  one  that  you  cannot  for  a  moment  question  the  impor- 
tance of  that  investment.  It  is  not  an  entitlement  program.  It  is  not 
a  subsidy  program  that  can  be  subject  to  cancellation  or  severance; 
it  is  the  essence  of  our  productivity  and  our  future. 

I  sense,  and  F  suspect  you  do  as  well,  that  at  this  point  in  time, 
people  are  aware  of  that  perhaps  as  never  before.  The  problems 
nave  been  developing  a  long  time.  I  don't  see  that  they  will  be 
solved  overnight,  but  I  think  there  is  a  bipartisan  and  rather  wide- 
spread and  rather  vocal  commitment  to  the  fact  that  things  must 
change. 

Mr.  Brown.  Well,  I  obviously  pick  on  the  administration  or  any 
agency  of  it  that  I  can  from  time  to  time,  and  one  of  the  mings 
that  I  pick  on  in  OSTP  is  that  rarely  do  they  seem  to  have  read  the 
act.  There  is,  for  example,  within  this  act  the  emphasis  upon  the 
importance  of  supporting  high  quality  basic  research  which  this  ad- 
ministration has  to  be  commended  for  encouraging.  On  the  oth3r 
hand,  there  is  also  the  emphasis  upon  the  Five-Year  Outlook,  and 
annual  reports  of  developing  problems  in  science  which  I  cannot 
commend  this  administration  for  doing  much  about  and  in  fact, 
they  seem  to  have  shorted  it  considerably  over  the  i>eriod  of  years. 

Now,  I  think  that  is  the  appropriate  role  for  us  in  Congress  to 
point  out  where  you  are  doing  things  right  and  where  you  are  not 
doing  things  right,  and  I  hope  that  we  can  continue  that,  but  spe- 
cifically I  see  nothing  that  represents  a  timely  response  to  the  ad- 
monitions contained  here  to  maintain  a  continuing  surveillance 
over  all  of  the  aspects  that  relate  to  the  health  of  science  in  this 
country,  and  I  question  whether  possibly  your  office  has  the  re- 
sources to  accomplish  this. 

As  far  as  this  committee  is  concerned,  I  think  we  would  like  to 
give  you  those  resources  but  we  get  very  little  encouragement  in 
trying  to  do  that. 

Dr.  Healy.  Well,  I  would  agree  with  you,  I  think  that  the  Office 
of  Sciei  ce  and  Technology  Policy,  which  is  a  very  small  policy 
office  within  the  EOP,  does  not  nave  the  resources  to  fulfill  the 
task  outlined  in  the  act,  and  I  think  there  is  no  place  else  within 
the  executive  branch  of  Government  that  that  is  being  carried  out 
in  a  global  way. 

Sometimes  even  within  agencies— for  example,  our  wonderful 
NIH — you  don't  even  have  a  global  strategic  look  at  the  overall  $5 
billion  investment  there.  It  tends  to  be  separated  up  into  individual 
institutes.  So  I  think  that  the  importance  of  strategic  5-year  looks 
at  our  overall  research  enterprise,  both  within  very  broad  categori- 
cal areas  and  also  across  the  Government  in  general  when  we  are 
investing  $50  billion  in  research,  is  important. 

I  would  agree  with  you.  It  must  be  done  better  than  it  is  being 
done.  As  you  know,  the  President's  Commission  on  Industrial  Com- 
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:  petitiveness  recommended  that  there  be  a  Department  of  Science. 
And  I  really  believe— and  as  you  know  Dr.  Keyworth  in  the  Office 
has  supported :that— arid  I*  believe  that  that  was  iiot  a  self-serving 
support,  but  rather  a  recognition  of  the  fact  that  when  you  have 
something  which  is -so  essential  to  the  fabric  of  our  Nation,  it  af- 
fects all.walks  of  life,  all  people,  and  that  you  don?t  have  a  coordi- 
nated opportunity  within  the  administration  to  look  at  science  in 
its  broadest  pespective,  to  bring  it  to  the  table,  to  examine  it  in  a 
strategic way,  tnattthere^is  a  problem:  It  needs  to  be  remedied.  I 
thmk  the  support  for  the  Departments  Science  and  Technology 
was  not  a  bureaucratic  escalation.  It  really  was  an  attempt  in  part 
to;respond  to  the;  very  spirit  of  that  act  you  are  speaking  about. 

Mr.,BitowN.  Lsensed  that^thatwas  the  case,  and  f  commend  the 
results,  of  that  work  I  note  also  looking  at  broad  approaches  to 
some  .of  the  problems  in  science,  tL  at  face  us,  that  the  National 
Academy  Iri  recently  done  a  study  of  international  competitive- 
ness of  some  of  our  basic  industries.  I  would  suspect  that  that  was 
an  unaccustomed  task  for  the  Academy  because  they  had  to  look  at 

>  &HTOd^ran$e,of :  nonscientific  problems  that  relate  andxouple  that 
with  ;the  science  and.  technology  problems  in  order  to  reach  a  con- 
clusion. But  they  did  and  they  emerged  with  some  rather  good  re- 
sults in  my  opinion.  If  the  Academy  can  go  through  that  strain,  I 
don;t  see  why;the  Office  of  the  President  cannot  go  through  that 

<  strain  and  tie  together  some  of  these  pressing  national  problems 
and  this  is  the  language,  the  authority  is  contained  in  the  language 
of  the  act. 

There  is  no  question  about  that.  But  there  is  reluctance  in  any 
adminirtration—I  am  not  iust  picking  on  this  one— to  carry  out 
functions  .which,  they  donTt  quite  perceive,  they  don't  quite— it 
doesn  t  quite  fit  into  their  priority  scheme  for,  meeting  the  needs  of 
the  country.  We  suffer  w  a  consequence  of  tKat. 

5*4  IJ]?AfY- Well,  believe  it  or  not,  I  read  that  act  in  great  detail 
„  and  I  think  that  it  should  be  taken  seriously  and  often  the  advice 
of  acts  like  that  need  to  be  accompanied  By  a  check. 

Mr.  'Brown.  We  sometimes  find  that  Science  Advisors  are  not 
\yilhngTto  admit,  that  until  after  they  have  left  office,  however. 
-  Dr.  Healy.  J  hope  that  is  not  a  premonition. 

Mr.  Brown.  Thank  you'.  4 

Mr.  Fuqua.,  Thank  yoif. 

Mr.  Lujah.  /' 

Mr.  Lujan.  Thank  you,  Mr.  Chairman. 

I  think  my  colleague  from  California  missed  the  last  point  that  it 
ought  to  be  accompanied  by  a  check.  He  didn't  comment  on  that. 

I  think  you  have  made  an  excellent  presentation,  which  you 
made  very  well,  to  show  the  relationship  between  industry,  univer- 
sities and  the  Government  and  what  each  of  our  responsibilities 
are.  There  is  an  emphasis  as  there  should  be  in  this  particular 
hearing  on  university  re^'arch.  And  with  that  emphasis,  and 
coming  from  the  office  that  you  do— Dr.  Keyworth  maybe  right  at 
the.  very  beginning;  as  a  matter  of  fact,  got  into  trouble  with  some 
of  his  colleagues  at  the  Government  laboratories  by  saying  more  of 
this  should  be  done  over  at  the  university  level  rather  than  the 
(tovernrnent  laboratories— at  least  that  is  what  I  understood  at  the 
time,  being  a  great  advocate  of  the  laboratories  since  they  exist  in 
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ray  home  district.  But  is  it  the  feeling  of  OSTP  that  we  don't  do 
enough  in  university  research?  You  mentioned  $6  billion  of  the  $20 
billion  in  civilian  research,  that  only  that  amount  goes  to  universi- 
ties. You  don't;  think  that  is  enough? 

Dr.  Healy.  Well,  I  think  that  I  don't  have  the  means  to  answer 
that  question,  but  I  think  that  question  needs  to  be  asked  and  I 
think  that  is  a  fundamental  and  quite  strategic  question  that  needs 
to  be  asked. 

Is  it  roughly  $16  billion  being  spent  in  our  Federal  laboratory 
systems? 

Mr.  Lujan.  K  you  take  defense  it  is  40.  * 
Dt.^Healy.  It  is  more,  yes.  One  question  is  not  necessarily  to  dis- 
mantle our  Federal  laboratory  systems,  which  are  superb,  but 
rather  to.ask  whether  there  could  be  better  use  of  those  facilities 
by  some  of  our  private  research  .universities,  more  operation  with 
the  Federal  laboratories  and  industry. 

As  yoiiiknow,  Mr.  David  Packard  chaired  the  Federal  laboratory 
study  which  OSTP  completed  over  a  year  ago  with  a  strong  recom- 
mendation that,  there -be  more  use  of  the  Federal  laboratories  by 
the  private  sector,  bbth*  the  universities  and  the  industries.  That 
isn't  as  far^along  as  it  should  be  perhaps. 

<  'Mr.  Lujan.  But  basically  I  keep  getting  the  feeling  that  OSTP 
feels  that  we  have  to  beef  up  that  university  research  rather  than 

just  continue  it  as  it  was.  The  reason  I  ask  that  question  

Dr.  Healy.  Ye«. 

Mr.  Lujan  [continuing].  What  this  whole  thing  is  about  is  what 
.should  our  science  policy  be  and  should  that  policy  be  that  a  larger 
percentage  of  the  R&D  budget  go  to  the  universities?  That  is  a  very 
•crucial  question  we  will  have  to  address  in  the  report. 
-  <Dr:  Healy.  I  would  say  that  it  is  fair  to  say  that  the  general  feel- 
ing is  that  the  university-based  research  should  be  the  No.  1  priori- 
ty; that  the  very  unique  system  of  doing  so  much  of  our  first  class 
basic  research  out  in  a  diverse  and  complicated  system  of- private 
universities,, the  diversity  of  tliat  system  is  such  an  important  part 
of  its  creativity.  And  I  think  that  it  is  the  feeling  of  the  Office  and 
of  the  Panel  that  that  should  be  the  No.  1  priority,  and  that  that 
again  may  mean  that  $6  billion  is  not  enough. 

But  I  cannot  say,  and  I  don't  think  the  Panel  is  going  to  say,  x 
billion  is  what  we  need.  I  think  that  that  question  has  to  be  asked 
and  I  think  that  the  answer,  is  likely  to  be  this  is  not  a  zero  sum 
game. , 

Mr.  Lujan:  I  am  just  wondering,  as  an  aside,  if  OSTP  does  differ- 
ent kinds  of  studies?  And  what  leads  me  to  that  question  is  one  of 
the  witnesses  the  other  day  had  a  chart  of  postgraduate  students  in 
this  country  and  showed  how  many  were  U.S.  nationals  and  how 
many  were  nationals  of  other  countries,  and  probably  paid  for  by 
their  governments,  to  go  to  school.  And  I  remember  the  bottom  line 
which  was  engineers,  that  only  something  less  than  50  percent  of 
postgraduate  engineering  students  were  U.S.  nationals,  and  I  had 
never  thought  about  it  until  just  now,  but  I  am  wondering  if  those 
do  enroll  in  universities  that  are  well  funded  or  that  we  have  good 
research  programs  with?  Is  OSTP  in  a  position  to  do  that  kind  of 
study? 
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Dr.  Hkaly,  We,  as  part  of  the  University  Panel,  were  looking  at 
the  foreign  students  that  were  coming  into  the  research  universi- 
ties hera  and  interestingly,  the  consensus  of  the  Panel,  and  also  of 
a  guestionnaire  in  which  we  solicited  opinion  from  the  outside  com- 
munity and  in  hearings  we.  held  in  general,  was  that  the  foreign 
students  at  research  universities  are  a  very  positive  force. 

Mr.  Lujan.  Do  they  take'  up  the  room  or  just  

Dr.  Hkaly.  We  tend  to  get  the  very  best  and  that  in  fact  is  a 
positive,  net  positive,  for  the  intellectual  environment  of  our  uni- 
wrsities.  There  was  really  no  sense,  and  frankly  this  surprised  me, 
b^usejfP  the  field  of  medicine  which  is  my  background,  some- 
-  what  different,  there  was  not  the  sense  that  they  were  taking  posi- 
tions away  from  American  students. 

t&*  h1**^*9  T^iere  was  r6°m  °ver  and  above  what  we  required? 
v      1^.  Hkaly.  There  was  more  than  just  room,  there  wcs  a  need. 

They  were  not  producing  enough  in  some  of  these  areas  on  our 
,   own,  among  our  own,  and  we  needed  to  have  some  of  this  talent. 

Mr.  Lujan.  That  is  interesting. 

Thank  you  very  much.  ^ 

Mr.  Fuqua.  Thank  you  very  much,  Dr.  Healy.  We  appreciate 
your  being  here  and  for  your  remarks  this  morning.  \ 

Our  next  witness  will  be  Henry  G:  Kirschenmann,  Deputy  Assist- 
ant Secretary  for  Procurement,  Assistance,  and  Logistics  at  the  De- 
partment of  Health  and  -Human  Services. 

We  would  be  pleased  to  heir  from  you. 

[A  biographical  sketch  of  M\  Kirschenmann  foLows:] 

Henry  G.  Kirschenmann,  Jr. 

.  Henry  G.  Kirschenmann,  Jr.  is  the  Deputy  Assistant  Secretary  for  Procurement, 
Assistance  and  Logistics  in  the  Department  of  Health  and  Human  Services.  As  such 
neis  one  of  the  Department's  chief  career  officials  and  advisors  to  the  Office  of  the 
secretary  in  the  grant  and  procurement  area.  He  is  also  responsible  for  developing 
au^^lufaonpohc^and  werseeing  the  process  vdthm  the  Apartment. 
.  t™r  to  being  appomted  to  his  current  position,  Mr.  Kirschenmann  served  in  var- 

,  tious  financial ^management  positions  in  the? Department  and  at  the  National  Insti- 
tutes ^Heaj^,He,was'inYplved.in  developing  and  implementing  co«t  policy  and 
other  financial  management  policy  for  colleges  and  universities  and  other  non-profit 
organizations,  State  and  local  governments  and  hospitals  which  receive  grants  and 
contracts  from  the 'Department  He  was  also  involved  in  establishing  indirect  cost 
,  rates.  Mr.  Kirschenmann  has  served  with  the  Defense  Contract  Audit  Agency,  was  a 
j  umTv,r  of.the  national  accounting  firm  of  Price  Waterhouse  and  Company, 
and  has  held  various  positions  in  industry. 

.He  holds  aBachelor/s  Degree r  frohvthe  University  of  Maryland,  a  Master's  Degree 
trom  ihe  American  University  and ^is  a:certified  pubkVaccountant:  Heis  the  recipi- 
ent of  Senior  Executive  Performance  Awards,  the  Department  of  Health,  and 

' '  5^5^  5w!5PeJ5.-SHPe?lK  ^P1^  Award,  and  two  achievement  awards  and  the 
President  s  Citakonsfrom  the  Association  of  Government  Accountants. 

STATEMENT  OF  HENRY  G.  KIRSCHENMANN,  JRj?DEPUTY  ASSIST- 
ANT SECRETARY,  PROCUREMENT,  ASSISTANCE  AND  LOGISTICS, 
DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES 

Mr  .Kirschenmann.  Thank.you,  Mr.  Chairman.  It  is  a  pleasure 
to  be  here.     t  " 

I j&d'my'  Department  are  pleased  to  assist  the  task  force  in  its 
study-  of  Government  science  policy  by  providing  information  on 
payments  for  indirect  costs  to  colleges  and  universities.  As  we  un- 
derstand it,  the  task  force  is  interested  in  knowing  the  amounts  of 
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indirect  costs  paid  to  the  institutions  as  part  of  the  total  costs  of 
research  grants  and  contracts,  as  well  as  the  extent  to  which  these 
payments  support  the  research  infrastructure  of  the  institutions. 

We  have  endeavored  to  meet  the  task  force's  request  and  have 
developed  a  substantial  amount  of  information  on  this  subject 
which  we  believe  you  will  find  useful.  The  information,  in  the  form 
of  a  series  of  charts  and  graphs,  is  attached  to  my  statement.  I 
note,  however,  that  the  amounts  and  percentages  on  indirect  costs 
shown  in  the  charts  are  approximations  based  on  an  analysis  of 
available  information  on  total  Federal  R&D  obligations  to  colleges 
and  universities,  NIH  indirect  cost  payments,  and  components  of 
indirect  cost  rates,  supplemented  by  detailed  information  on  cer- 
tain indirect  cost  subcomponents  provided  by  50  major  research 
universities. 

In  order  to  put  this  information  in  perspective;  some  background 
on  indirect  costs  might  be  useful.  Indirect  costs  are  the  costs  of  ad- 
ministrative and  supporting  services  which  cannot  be  readily  iden- 
tified with  specific  research  projects,  instructional  programs,  or 
other  university  activities.  They  are  therefore  grouped  in  a  series 
of  cost  pools  and  allocated  between  research  and  other  activities 
based  on  cost  allocation  procedures. 

The  portion  of  mdirect  costs  allocated  to  research  is  then  further 
distributed  to  individual  research  projects  by  an  indirect  cost  rate, 
which  is  expressed  as  a  percentage  of  direct  research  costs.  The  in- 
stitutions negotiate  these  rates  annually  with  a  "cognizant"  Feder- 
al agency.  HHS  is  the  cognizant  agency  for  about  95  percent  of  the 
colleges  and  universities  receiving  Federal  research,  although  some 
of  the  mcgor  institutions,  such- as  MTT  and  Stanford,  negotiate  their 
rates  with  the  Department  of  Defense. 

Universities  generally  have  six  principal  components  of  indirect 
costs: 

One,  use  allowances  or  depreciation  on  buildings  and  equipment. 
Use  allowances  are  essentially  a  simplified  form  of  depreciation; 

Two,  operation  and  maintenance  of  facilities,  which  covers  such 
costs  as  utilities,  janitorial  services,  repairs  and  maintenance,  and 
similar  expenses; 

Three,  general  administration,  encompassing  the  institution's  ex- 
ecutive offices,  administrative  services,  such  as  accounting  and  pur- 
chasing, and  other  costs  of  a  general  nature; 

Four,  departmental  administration,  consisting  of  the  expenses  of 
deans9  offices^and  administrative  expenses  at  the  academic  depart- 
ment level;  • 

Five,  sponsored  projects  administration,  which  are  specialized 
services  related  to  the  management  of  sponsored  r  esearch  and 
training,  such  as  review  of  grant  applications  and  monitoring  grant 
terms'iand  conditions;, 

Six,  the  costs  /of  institutional  libraries,  including  the  salaries  of 
library  staff  and  books  and  periodicals. 

With  that  as  background,  I  would  now  like  to  turn  to  the  specific 
information  requested  by  the  task  force,  as  detailed  in  the  attached 
charts:  * 

Total  Federal  R&D  obligations  to  colleges  and  universities  have 
gone  from  $1.9  billion  in  fiscal  year  1972  to  over  $5  billion  in  fiscal 
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year  1983,  an  increase  of  about  160  percent.  Specific  year-by-year 
information  is  shown  in  graph  and  chart  1. 


GRAPH  1 
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CHART  1 


TQTRL  FEDERAL  R  &  0  OBLIGATIONS 
TO  C0LLEGE5  AND  UNIVERSITIES 
(    IN  MILLIONS  OF  00LLAR5) 


•AUARDING  AGENCY 


TOTAL 

HH5 

ODD 

N5F 

OTHERS 

72 

1,853 

879 

244 

335 

307 

73 

1,871 

904 

233 

349 

386 

74 

2,  085 

1,  129 

184 

376 

396 

75 

2,246 

1,205 

191 

405 

446 

76 

2,431 

1,296 

212 

437 

486 

77 

2,803 

1,452 

267 

491 

593 

78 

3,386 

1,658 

452 

532 

744 

79 

3,874 

1,967 

529 

588 

791 

80 

4,  160 

2,026 

55o 

634 

945 

81 

4,411 

2,113 

700 

617 

981 

82 

4,553 

2,111 

814 

690 

939 

83 

5,  022 

2,360 

913 

759 

989 

84   &flTR  nqt  YET  AVAILABLE  FROM  N5F- 


5DURCE:   TABLE  B-2  —  FEDERAL  OBLIGATIONS  TO  UNIVERSITIES 
AND  COLLEGES  IN  NSF's  PUBLICATION  •FEOERAL 
SUPPORT  TO  UNIVERSITIES,   COLLEGES  AND 
SELECTED  NONPROFIT  INSTITUTIONS-. 

As  shown  in  graph  and  chart  2,  during  the  same  1972  to  1983 
period,  total  estimated  indirect  cost  payments  by  all  Federal  agen- 
cies have  increased  by  275  percent,  from  about  $400  million  to  $1.5 
billion.  At  NIH,  indirect  costs  are  now  running  about  32  percent  of 
total  university  research  grant  costs,  up  from  22  percent  in  1972. 
This  disproportionate  growth  in  indirect  costs,  in  comparison  with 
direct  costs,  has  been  a  concern  to  sponsoring  agencies  and  the  re- 
search community  for  some  time,  and  is  currently  being  reviewed 
by  the  White  House  Office  of  Science  Technology  Policy. 
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GRAPH  2 
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CHRRT  2 

7;MflbV.  rEDERflL  RSENCIES 

(IN  MILLIONS  DF  DDLLflRS) 


72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
TOTAL 


393 
419 
491 
562 
624 
720 
885 
1,  039 
1,  050 
1,247 
1,310 
1,480 
1,706 
11,925 
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Based  on  an  analysis  of  fiscal  year  1982  through  1984  indirect 
cost  rates  negotiated  by  HHS,  the  largest  component  of  indirect 
costs  is- departmental  administration,  which  averages  one-third  of 
the  rate. -  Operation  and  maintenance  of  facilities  is  next  at  28  per- 
cent, followed  Ky  general  administration  at  15  percent.  Use  allow- 
ances on  buildings  arid  equipment  is  currently  running  between  9 
percent  and  10  percent  of  the  rate;  sponsored  projects  administra- 
tion, is- 7  percent;  and  library  iy  4  percent.  What  that  translates  to 
is  administrative  cost  equalling  about  55  percent  of  the  rate  as  op- 
posed to  such  things  as  use  charges  and  operation  and  maintenance 
facilities  cost. 

CHART  3 

AVERAGE  PERCENT  DF  EACH  COST  COMPONENT  TO  THE  TOTAL  INDIRECT  COST  RATE 
FOR  MAJOR  RESEARCH  UNIVERSITIES  NEGOTIATED  BY  HHS 


COST  COMPONENTS 

1982 

1983 

1984 

USE  ALLDUANCES/DEPREC I  AT I ON 
ON  BUILDINGS  &  EQUIPMENT 

9X 

9% 

105C 

OPERATION  AND,  MAINTENANCE 
OF  PHYSICAL  PLANT 

277. 

28% 

2QX 

GENERAL  ADMINISTRATION 

17X 

1SX 

1SX 

DEPARTMENTAL  ADMINISTRATION 
(INCLUDING  DEANS'  OFFICES) 

Z2X 

33* 

ZZX 

SPONSORED  PROJECTS  ADMINISTRATION 

7% 

7% 

7X 

LIBRARY 

SX 

AX 

AX 

STUDENT  SERVICES 

1% 

ox 

OX 

OTHER 

2% 

zx 

zx 

TOTAL  RATE 

100X 

100* 

1Q0X 

The  rest  is  in  minor  items,  such  as  a  small  portion  of  student 
service  costs  associated  with  students  working  on  research  projects. 
As  indicated  in  chart  3,  these  percentages  have  held  reasonably 
steady  for  the  3-year  period.  Chart  4  shows  the  rate  components  ex- 
pressed as  a  percentage  of  direct  research  costs. 
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CHART  4 


AVERAGE  INDIRECT  COST  RATE  COMPONENTS 
FOR  MAJOR  RESEARCH  UNIVERSITIES  NEGOTIATED  BY  HHS 


COST  PZlMPnNENTS 

1982 

1983 

1984 

USE  RLLQUANCE5/DEPREC I AT I ON 
ON  BUILDINGS  A  EQUIPMENT 

4.2 

4.3 

4.S 

urfcKnl  lurl  twiU  nn  < rv  1 1 NnNUfc. 
OF  PHYSICAL  FLANT 

12.0 

12.8 

13.3 

GENERAL  ADMINISTRATION 

7.4 

7.1 

7.3 

DEPARTMENTAL  ADMINISTRATION 
< INCLUDING  DEANS'  OFFICES) 

14.2 

IS. 2 

IS.  4 

SPONSORED  PROJECTS  ADMINISTRATION 

3.3 

3.2 

3.1 

LIBRARY 

2.1 

2.0 

2.0 

STUDENT  SERVICES 

0.6 

0.2 

o.i 

OTHER 

1.0 

1.2 

1.4 

TOTAL  RATE 

44.7 

46.0 

47.1 

RATES  ARE  EXPRESSED  AS  fl  PERCENTAGE  OF  TOTAL  DIRECT  COST 
OF  ORGANIZED  RESEARCH  EXCLUDING  CAPITAL  EXPENDITURES,  MflJQR 
SUBCONTRACTS  AND  OTHER  DISTORTING  ITEMS. 

b  Chart  5  shows  the  approximate  dollar  amount  paid  to  the  institu- 
tions for  each  indirect  cost  component  from  fiscal  year  1982  to 
1984.  The  total  amount  paid  during  this  period  was  about  $4.5  bil- 
lion, broken  down  in  round  numbers  as  follows: 

Use  allowances,  $400  million;  operation  and.  maintenance,  $1.2 
billion;  general  administration,  $700  million;  departmental  admin- 
istration, $1.5  billion;  sponsored  projects  administration,  $300  mil- 
lion; library,  $200  million;  other,  $150  million. 
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CHRRT  5 
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Charts  6,  7,  and  8  take  this  indirect  cost  component  analysis  one 
step  further,  .to  more  detailed  breakouts  of  each  indirect  cost  com- 
ponent into  various  subcomponents  which  we  thought  might  be  of 
interest  to  the  task  force.  These  are  very  rough  approbations 
based  on  estimates  provided  to  us  by  50  megor  research  universities 
or  information  on  these  institutions  in  our  regional  negotiation 
files. 
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This  analysis  shows,  for  example,  that  of  the  $424  million  paid 
for  buildingand  equipment  use  allowances  from  1982  to  1984,  ap- 
proximately $188  million  was  for  buildings  and  $241  million  for 
equipment;  Similarly,  of  the  $198  million  paid  for  library  expenses, 
$146  million  was  attributable  to  library  staff  and  operating  ex- 
penses while  $52  million  covered  books  and  periodicals. 

J)e^ndingr  ui)oh  how  broadly  one  defines  "research  infrastruc- 
ture/ some  or  all  of  these  components  or  subcomponents  of  indi- 
rect <x*te>might*be  viewed  as  infrastructure  costs.  It  seems  clear 
that,  as  a  minimum,  the  building  and  equipment  use  allowance 
components  would  constitute  part  of  the  infrastructure.  The  same 

v  could  be  said  of 'part  or  all  of  the  operation  and  maintenance  com- 
ponent. The: library  and  other  components  represent,  various  types 
of  technical  or  administrative  support,  which.might  also  be  consid- 
ered  part  of  the  infrastnicture,  depending  on  the  purpose  to  be 

'  served. 

That  concludes  my  prepared  statement,  Mr.  Chairman.  I  hope 
this  information  proves  usefiil  to  the  task  force  in  its  study  and 
wbtild  be  glad  to  respond  to  any  questions  the  task  force  may  have 
about  the  data. 

[THe  prepared  statement  of  Mr.  Kirschenmann  follows:] 
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Mr.  Chairman  and  Members  of  the  Science  Policy  Task  Force; 

We  are  pleased  to  be  able  to  assist  the  Task  Force  in  its  study 
of  Government  science  policy  by  providing  information  on  payments 
for  indirect  costs  to  colleges  and  universities.    As  we 
understand  it,  the  Task  Force  is  interested  in  knowing  the 
amounts  of  indirect  costs  paid  to  the  institutions  as  part  of  the 
total  costs  of  research  grants  and  contracts  as  well  as  the 
extent  to  which  these  payments;  support  the  research 
infrastructure , of  the  institutions. 

We  have  endeavored  to  meet  the  Task  Force's  request  and  have 
developed  a  substantial  amount  of  information  on  this  subject 
which  we  believe  you  will  find  useful.    The  information,  in  the 
form  of  a  series  of  charts  and  graphs,  is  attached  to  my 
statement.    I  must  emphasize,  however,  that  the  amounts  and 
percentages  on  indirect  costs  shown  in  the  charts  are  rough 
approximations  based  on  an  analysis  of  available  information  on 
total  Federal  R&D  obligations  to  colleges  and  universities,  NIH 
indirect  cost  payments,  and  components  of  indirect  cost  rates, 
supplemented  by  detailed  information  on  certain  indirect  cost 
subcomponents  provided  by  50  majoi  research  universities. 
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In  order  to- put  this  information  in  perspective,  3ome  background 
on  indirect  costs  might  be  useful.     Indirect  costs  are  the  costs 
of  administrative  and  supporting  services  which  cannot  be  readily 
identified  with  specific  research  projects,  instructional 
programs  or  other  university  activities.    They  are  therefore 
grouped  in  a  series  of  cost  pools  and  allocated  between  research 
»  ad  other  activities  based  on  cost  allocation  procedures.  The 
portion  of  indirect  costs  allocated  to  research  is  then  further 
distributed  to  individual  research  projects  by  an  indirect  cost 
rate,  which  is  expressed  as  a  percentage  of  direct  research 
costs.    The  institutions  negotiate  these  rates  annually  with  a 
"cognizant"  Federal  agency.    .HIS  is  the  cognizant  aqency  for 
about  953  of  the  colleges  and  universities  receiving  Federal 
research,  although  some  of  the  major  institutions,  such  as  MIT 
and  Stanford,  negotiate  their  rates  with  the  Department  of 
Defense. 

Universities  generally  have  six  principal  components  of  indirect 


1.    Use  Allowances  or  Depreciation  on  buildings  and 

equipment.  (Use  allowances  are  essentially  a  simplified 
form  of  depreciation.) 


< 


costs: 
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Operation  and  Maintenance  of  facilities,  which  covers 
such  costs  such  as  utilities,  janitorial  services, 
repairs  and  maintenance,  and  similar  expenses. 

General  Administration,  encompassing  the  institution's 
executive  offices,  administrative,  services,  such  as 
accounting  and  purchasing,  and  other  costs  of  a  general 
nature. 

Departmental  Administration,  consisting  of  the  expenses 
of  deans'  offices  and  administrative  expenses  at  the 
academic  department  level. 

Sponsored  Projects  Administration,  which  are  specialized 
services  related  to  the  management  of  sponsored  research 
and  training,  such  as  review  of  grant  applications  and 
monitoring  grant  terms  and  conditions. 

The  costs  of  institutional  Libraries,  including  the 
salaries  of  library  staff  and  books  and  periodicals. 
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Hith  that  as  background,  I  would  now  like  to  turn  to  the  specific 
information  requested  by  the  Task  Force  as  !e  tax  led  in  whe 
attached  charts: 

o     Total  Federal  R&D  obligations  to  colleges  and 

universities  have  gone  from  $1.9  billion  in  FY  107?.  to 
over  $5  billion  in  FY  1983,  an  increase  of  about  160%. 
Specific  year-by-year  information  is  shown  in  Graph  and 
Chart  1. 


o     As  shown  in  Graph  and  Chart  2,  during  the  same  1972  to 
1983  period,  total  estimated  indirect  cost  payments  by 
all  Federal  agencies  have  increased  by  ?.7Z1,   Crom  .»cout 
5400  million  to  $1.5  billion.    At  :iIK,  indirect  costs  -ire 
now  running  about  223  of  total  university  research  grant 
costs,  up  from  22%  in  1972.    This  disproportionate  growth 
in  indirect  costs,  in  comparison  with  direct  costs,  has 
been  a  concern  to  sponsoring  agencies  and  the  research 
community  for  some  time,  and  is  currently  the  subject  of 
a-  study  by  the  White  House  Office  of  Science  and 
Technology  Policy. 


o     Basid  on  an  analyis  of  FY  1982  through  1984  indirect  cost 
rates  negotiated  by  HHS,  the  largest  component  of 
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indirect  costs  is  Departmental  Administration,  which 
averages  one-third  of  the  rate.    Operation  and 
Maintenance  of  facilities  is  next  at  28%,  followed  by 
General  Administration  at  15%.    Use  Allowances  on 
buildings  and  equipment  is  currently  running  between  9% 
and  10%  of  the  rate;  Sponsored  Projects  Administration  is 
7%;  and  Library  is  4%.    The  rest  is  in  minor  items,  such 
as  a  small  portion  of  student  service  costs  associated 
with  students  working  on  research  projects.    As  indicated 
in  C7-art  3,  these  percentages  have  held  reasonably  steady 
for  the  three-year  period.    Chart  4  shows  the  rate 
components  expressed  as  a  percentage  of  direct  research 
costs. 


o      Chart  5  shows  the  approximate  dollar  amount  paid  to  the 
institutions  for  each  indirect  cost  component  from  FY 
1982  to  1984.    The  total  amount  paid  during  this  period 
was  about  $4.5  billion,  broken  down  (in  round  numbers)  as 
follows: 


Use  Allowances  $400  million 

Operation  &  Maintenance  $1.2  billion 

General  Administration  $700  million 

Departmental  Administration  $1.5  billion 

Sponsored  Projects  Administration  $300  million 

Library  $200  million 

Other  $150  million 
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o     Charts  6,  7  and  8  take  this  indirect  cost  component 

analysis  one  step  further,  to  more  detailed  breakouts  of 
each  indirect  cost  component  into  various  subcomponents 
we  thought  might  be  of  interest  to  the  Task  Force.  These 
are  very  rough  approximations  based  on  estimates  provided 
to  us  by  50  major  research  universities  or  information  on 
these  institutions  in  our  regional  negotiation  files. 
This  analysis  shows,  for  example,  that  of  the  $424 
million  paid  for  building  and  equipment  use  allowances 
from  1982  to  1984,  approximately  $183  million  was  for 
buildings  and  $241  million  for  equipment.    Similarly,  of 
the  $198  million  paid  for  library  expenses,  3146  million 
was  attributable  to  library  staff  and  operating  expenses 
while  $52  million  covered  books  and  periodicals. 

Depending  on  how  broadly  one  defines  "research  infrastructure", 
some  or  all  of  these  components  or  subcomponents  of  indirect 
costs  might  be  viewed  as  "infrastructure"  costs.     It  seem3  clear 
that,  as  a  minimum,  the  building  and  equipment  use  allowance 
components  would  constitute  part  o£  the  infrastructure.    The  same 
could  be  said  of  part  or  all  of  the  Operation  and  Maintenance 
component*    The  Library  and  other  components  represent  various 
types  of  techical  or  administrative  support,  which  might  also  be 
considered  part  of  the  infrastructure,  depending  on  the  purpose 
to  be  served. 
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That  concludes  my  prepared  statement  Mr.  Chairman.    I  hope  this 
information  proves  useful  to  the  Task  Force  in  its  study  and 
would  be  glad  to  respond  to  any  questions  the  Task  Force  may  have 
about  the  data. 
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GRAPH  1 

TOTAL  FEDERAL  R&D  OBLIGATIONS 
TO  COLLEGES  AND  UNIVERSITIES 


m 


■ram 


i 


m 


IlJJllJ 


ill 


i 


72      73      74     73     75     77     7B     79      DO  B1 
FISCAL  YEAR 


50 


48 
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CHRRT  2 

APPROXIMATE  RMOUNT  PRIO  TO  COLLEGES  RNO  UNIVERSITIES 
FOR  INDIRECT,  COSTS  UNDER  R  &  0  RURROS 
BY  ALL.  FEOERRL  RGENCIES 
CIN  MILLIONS  OF  DOLLRRS) 
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81  1,247 
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APPROXIMATE  AMOUNT  PAID  TO  UNIVERSITIES 
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BY  ALL  FEDERAL  AGENCIES 
(IN  MILLIONS  OF  DOLLARS) 
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 3  YEAR  

TOTALS  RATIO 

USE  ALLOUANCES/DEPREC I AT I ON 
ON  BUILDINGS  &  EQUIPMENT 

123 

138 

163 

424 

9% 

OPERATION  AND  MAINTENANCE 
nr  PWYQtrfli   pi  qkit 

*♦  1^ 

A  O  O 

482 

1245 

28% 

GENERAL  ADMINISTRATION 

216 

228 

264 

709 

16% 

DEPARTMENTAL  ADMINISTRATION 
(INCLUDING  DEANS'  OFFICES) 

415 

489 

558 

1462 

33% 

SPONSOREO  PROJECTS  ADMINISTRATION 

97 

103 

112 

31^ 

7% 

LIBRARY 

62 

64 

72 

198 

4% 

STUDENT  SERVICES 

18 

6 

4 

28 

1% 

OTHER 

29 

39 

51 

119 

3% 

TOTALS 

1310 

-Oil" 

1480 

5u 

1706 

4496 

100% 

!  i 


CHART  6 


AVERAGE  PERCENT  OF  EACH  COST  RATE  COMPONENT  A NO  SUBCOMPONENT 

  M    .   TO  THE  TOTAL   INOIRECT  COST  RATE 

FOR  MAJOR  RESEARCH  UNIVERSITES  NEGOTIATED  BV  MMS 


COST  COMPONENTS 

USE  ALLOUANCES/DEPREC  f  AT  I  ON 
-BUI LOINGS/I HPROVEMSNrS 
•EQUIPMENT 

OPERATION  ANO  MAINTENANCE 
'  OF  PHYSICAL* PLANT 
'"-UTILITIES*  • 
-  ^REPAIRS  *  MAINTENANCE 
-CUSTODIAL  SERVICES 
-SECURITY 
-OTHER' 

.  .  , .  , 

-  GCNEffAL  AON  I N I STRAT I  ON 
-FXECUTIVE  MANAGEMENT ' 
-FINANCIAL  OPERATIONS 
•ADMINISTRATIVE  SERVICES 
-OTjlER'   •  . 

, DEPARTMENTAL'  ADMINISTRATION 
/*, •DEANS*  OFFICES 
-    -DEPT.   HE AOS  C  FACULTY  ADM. 

-SUPPORT  STAFF 

•OTHER 

SPONSORvtO* PROJECTS  ADMINISTRATION 
-OFFICE  OF/  GRANTS  *  CONTRACTS 
-ACAOEMIC  DEPT.  CHARGES 
-OTHER  ' 

LIBRARY 

—SALARIES  *  WAGES 
•BOOKS  A  PERIODICALS 
•OTHER 


 —1*02  

COMPONENT  SUBCOMPONENT 


AX 

3* 


—  1983  

COMPONENT  SUBCOMPONENT 


STUOENT  SERVICES 


TOTAL  RATE 


3X 

IX 
ZX 
100X 


12* 

en 

3X 

3X 


3X 
3X 
3X 

ex 


ox 

11* 
7X 

ex 


3X 

ax 
zx 


zx 
i:t 

2X 
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ox 

3K 
100X 


AX 
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IZX 

ex 
sx 

IX 
AX 


3X 
3X 
AX 
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ex 
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7X 
7X 


OX 
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ZX 
IX 
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—  1<3BA  

COMPONENT  SUBCOMPONENT 
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ox 

3X 
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3X 
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AVERAGE    INDIRECT  COST   PATE   COMPONENTS  ANO  SUBCOMPONENTS 
FOR  MAJOR  RESEARCH  UNlVERSlTES  NEGOT I ATEO   QY  MMS 


COST  COMPONENTS 

USE "rllduances/oeprec I AT I ON 

-OUILOI NOS / I MPHOVEMENTS 
'  -EQUIPMENT 

OPERATION  AND  MAINTENANCE 
OF/ PHYSICAL*'  PLANT 
—UTILITIES' 
-  -REPAIRS  *x  MAINTENANCE 
-CUSTODIAL  SERVICES 
-SECURITY* 
-OTHER 

'GENERAL  ADMINISTRATION 

£'  "-EXECUTIVE  MANAGEMENT 
-FINANCIAL  OPERATIONS 
-ADMINISTRATIVE  SERVICES 
-OTHER  '  **  * 

DEPARTMENTAL  AOMIN  ISTRAT*I  ON 
'  -DEANS*  OFFICES 
-OEPT.   HEADS  A. FACULTY  ADM. 
-SUPPORT  STAFF 
-OTHER-  v 

SPONSORED ' PROJECTS  ADMINISTRATION 
-OFFICE  OF  >  GRANTS  A  CONTRPCTS 
-ACADEMIC  OEPT •  CHARGES 
-OTHER 

LIBRARY. 

-SALARIES'*  UAOES 
-BOOKS  A  PERIODICALS  * 
-OTHER 

STUDENT  SERVICES 

OTHER 

TOTAL  RATE 


 198Z  

COMPONENT  SUBCOMPONENT 


 1903  

COMPONENT  SUBCOMPONENT 


0.6 
1.0 
~44.7 


1.6 
Z.4 


3.2 
Z.S 
Z.S 
0.3 
1.3 


1.3 
1.3 
Z.Z 
Z.4 


3.3 
4.8 
*.0 
Z.9 


Z.3 
0.2 
0.8 


0.9 
0.3 
0.6 


7.1 


0.  2 

1.  Z 
46.0 


1.9 
Z.  4 


3.3 
Z.7 
Z.  4 
0.6 
1.6 


1.3 
1.4 

i:i 


3.  7 
3.  Z 
3.Z 
3.  1 


Z.Z 

o.z 

0.8 


0.9 
0.3 
0.6 


 1984  

COMPONENT  SUBCOMPONENT 


0.1 
1.4 
47.1 


1.9 
Z.6 


3.7 
Z.8 
Z.S 
0.6 
1.7 


1.3 
1.3 
Z.Z 
Z.  4 


3.0 
3.3 
3.Z 
3.1 


Z.Z 
O.Z 
0.7 


0.9 
0.3 
0.6 


RATES  ARE  EXPPESSEO  AS  A  PERCENTAGE  OF  TOTAL  OlfcECT  COST  OF  ORGANIZED  RESEARCH 
EXCLUDING  CAPITAL  EXPEND I TURES, MA JOR  SUBCONTRACTS  AND  OTHER  DISTORTING  ITEMS. 
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Notes  to  Charts, 


1.      Total  payments  for  indirect  costs  by  all  Federal  agencies  in 
Chart  2  are  estimates  based  on  the  amount  of  indirect  costs  paid 
to  universities  by  NIH  each  year  as  a  percentage  of  total  NIH 
research  grant  obligations- to  the  institutions  f  ir  the  same  year. 
The  percentage  for  each  year  was  applied  to  to tax  Federal  R&D 
obligations  to  universities  published  by  NSF  to  arrive  at  the 
approximate  amount  paid  for  indirect  costs  by  all  Federal 
agencies. 

2;     NSF  has  not  as  yet  published  Government- wide  data  on  R  &  D 
obligations  for  FY  1984.    Consequently,  the  estimated  indirect 
cost  amount  for  FY  1984  in  Chart  2  is  based  on  the  rat»e  of  growth 
between  1983  and  1984  in  NIH  research  grant  obligations  applied 
to  the  1983  Government-wide  R&D  data  published  by  NSF. 

3.     Average  indirect  cost  rate  components  for  FY  1982  to  1984  in 
Charts  3  and  4  are  averar*s  for  the  approximately  120  largest 
research  universities  that  negotiate  their  indirect  cost  rates 
with  HHS.    Universities  that  negotiate  their  rates. with  the 
Department  of  Defense  are  not  included.    Universities  under  HHS 
negotiation  cognizance  receive  about  80%  of  total  Federal  R&D 
obligations.    The  120  largest  schools  used  to  develop  the 
averages  receive  over~30%  of  :fche  total  Federal  R&D  obligations. 


4.  The  approximate  dollar  amounts  paid  for  each  indirect  cost 
component  in  Chart  S  were  developed  by  multiplying  the  percentage 
for  each  of  the  average  rate  components  in  Chart  3  by  the 
estimated  total  Government- wide  indirect  cost  payments  for  FY 

~1982,  1983  and  1984  in  Chart  2. 

*  I 

5.  The  breakdowns  of : rate  components  into  subcomponents  in 
Charts  6,  7,  and  8  a  re-' very?  rough  approximations  based  on 

-  estimates  provided  by  50  larger research  universities  or 
information  on  these  institutions  in  HHS  negotiation  files. 
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$  DISCUSSION 

,Mr:  Fuqua.  Thank  you  very  much. 
;  r    :  jgW8.?®?  P^rta^y  be  very  helpful  to  us  in  what  we  are  trying  to 

:V  >  ^^^erafehdihat  rates  for  each  indirect  cost  category  are  negoti- 
r  ^^separotely  with  each  of  the  universities.  Does  the  Govenunent 
r  ,>  •  yenfy  latefcas  a  Mowup  that  these  sums  were  in  fact  expended  by 
r      the  iJ^ufcpns,for  the  purposes  intended?  *  . 

H    . .        KafiCHBiWANN-  Yes;  we  do,  Mr.  Chairman.  That  process 

g»*PW»'^j^'rtW«-  We  have  a  force,  of  negotiators  throughout 
.      the^ country  that  review  each  of  the  proposals  that  are  submitted 

and  those  proposals  are  based  on  an  institution's  audited  financial 
;     statement  for  the  most  part,  and  a  number  of  institutions  are  also 

subjected  to  audit  on  site  by  our  audit  agency.  So  the  answer  to 
4  i    your  question  is  yes. 

'    tt'^F*  Fu^ja-  WeU>  y°u  were  her^  earlier  for  the  testimony  of  Dr. 
\    Healy  when  she  was  talking  about  the— making  the  basis  signifi- 
v    cantly  shorter  for  depreciation  for  buildings,  from  50  years  down  to 
;      a  ahorter  period  of  time,  and  also  for  instruments.  How  would  vou 
view  that?   «T  J 

Mt.vKirschenmann.  In  my  view,  that  is  a  poliqy  decision  based 
upon  what  it  is  that  one  intends  these  reimbursements  to  accom- 
plish at  a  university.  The  current  rules  are  based  on  the  conven- 
accounting  concepts  of  a  going  concern  which  is  that  an  in- 
stitution should;  be  reimbursed  for  the  costs  associated  with  the 
conduct  of  a  given  project  and  that  assumes  certain  conventions 
such  as  the  base  on  the  useful  life  of  an  asset,  however  that  asset— 
noweyer  long  that  asset  can  be  kept  in  service. 

One  could  reimbursed,  on  some  t>asis  other  than  that.  I  would 
point  out,  however,  that  the  cost  principles  right  now  are  quite 
on.?™#  wouW  Permit  an  institution  to  do.  For  the 
most  part,  mri^utions  use  a  use  charge  in  claiming  reimbursement 
for  fecffities. jl&fr use  charge  is  2  "percent  fo*  buildings  which  as- 
s^es  a  50-y^ar  life,  and  about  16%  percent  for  equipment— excuse 
^^iL? .  P*&ent  for  equipment,  which  assumes  a  16  or  17  year  life. 
JtF*,  J0***  Principles  permit  an  institution  to  depreciate  those 
assets  over  its  useful  life  to  the  institution  which  would  in  most 
cases  be  substantially  less  if  they  want  to.  Most  institutions  do  not 
now.  I  hope  I  have  answered  your  question.  That  was  a  wordv  re- 
sponse. 

Mr.  Fuqua.  Well,  in  your  chart  2  the  amount  of  indirect  paid  to 
universities  is  about  $1.19  billion. 
Mr.  Kirschenmann.  Yes. 

Mr.  Fuqua.  If  use  charges  remain  constant  at  approximately  9  to 
10  percent,  would  we  be  correct  to  infer  that  in  the  same  time 
period  just  over  $1  billion  was  provided  to  the  universities  in  build- 
ing and  equipment  use  charges? 

Mr.  KiBSCiffiNMANN.  Yes,  sir,  that  is  correct.  That  equates  to 
about  $100  million  a  year. 

Mr.  Fuqua.  Do  you  have  any  idea  how  they  spent  that  money? 
Did  any  of  it  go  back  to  refurbishment  of  the  buildings,  replace- 
ment of  equipment? 
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Mr.  Kirschenmann.  We  know  how  they  spent  the  sums  reim- 
bursed for  operation  and  maintenance,  which  is  repair  and  janitori- 
al 8ervice3  and  so  on.  Those  moneys  were  spent  for  that  purpose. 
We  don't  know$ow  they  actually  spent  the  cash  that  they  received 
ior  the  ^ortufflition,  use  charges  on  the  building  itself.  We  do 
kno^thev  j^A  initially  and  all  we  are  doing  is  reim- 

bursing\tnein  tfor  that  past  expenditure.  Whether  they  actually 
t^k^e<<*sh  that  .they^i^ived-.and  reinvested  that  in  plant  or 
tKeyup^  purposes,  we  don't  know. 

?Mt.  Fuqua.  OS  for?operating;  expense? 

Mr;<Kmki^         Or  for  operating  expense,  we  don't  know. 

iMiv  Kirscot^^  correct. 
>Mt;;Fuqu^  doesn't  reveal  that? 

•Mr.;KiKSCHENMANN;^No,  it  doesn't.  It  doesn't. 
Mr.  Fuqua.  Do  you  think  it  should? 

Mr.  Kirschenmann.  Well,  only  if  you — under  the  current  con- 
cept, no.  We  really  don't  care  what  they  use  the  cash  for. 
Mr.  Euqua.  Yes,  OK 
Mr.  Kirschenmann.  Yes. 

Mr.  Euqua.  And  they  have  contractual  arrangements,  too. 
Mr.  Kirschenmann.  Yes;  if  that  is  important  to  the  Government 
as  a  poUcy;yre  could,  yes. 
Mr.  FuQUA.JMhy  Brown. 

Mr.  Brown.  It.seems  to  me,  Mr.  Kirschenmann,  that  this  system 
would  allow  for  some  alleviation  of  the  problems  with  the  universi- 
ties, if  it  were;  treated  as  a  tool  trying  to  alleviate  the  problems.  In 
other  words,  if  the  problem  is  inadequatecequipment  and  facilities, 
then  what  you  have  allowed  is,  indirect  cost  for  use  allowance 
could,  be  used  to  amortize  new  facilities  and  equipment.  If  the 
amount  were  large  enough  to  be  substantial,  it  might  mean  that 
you  woidd  have  to  reexamine  whether  or  not  the  current  amount, 
which  you  say  is  running  between  9  and  10  percent,  is  adequate, 
maybe  it  would  take  15  or  20  percent  to  handle  the  problems  that 
are  surfacing  in  thes«  institutions,  which  vary  from  institution  to 
institution,  of  course.  There  is  no  theoretical  reason  why  that 
couldn't  be  done,  and  then  the  increased  use  allowance  could  be 
used  to  make  the  mortgage  payments  on  the  new  facilities  and 
equipment. 

Mr.  Kirschenmann.  There  is  no  real  reason  other  than  the  ac- 
counting convention,  that  is  correct.  One  might  also  develop  a 
policy  which  would  reimburse  an  institution  for  its  mortgage  pay- 
ment until  such  time  as  that  facility  is  paid  for  and  then  subse- 
quent to  that,  one  might  have  a  policy  that  no  further  charge  can 
be  made  to  the^overnment,  there  are  all  

Mr.  Brown,  f  am  using  mortgage  in  the  broad  sense.  If  the  insti- 
tution had  the  flexibility  both  to  reimburse  they  could  proceed  in 
some  reasonable  basis  to  acquire  the  things  that  they  needed  and 
then  to  defray  some  portion  of  the  cost  at  least  out  of  the  user  fee 
that  they  received. 

Mr.  Kirschenmann.  Yes,  sir. 

Mr.  Brown.  I  don't  know  that  you  can  answer  this  question  or 
not,  but  you  refer  to  the  fact  that  a  study  is  being  made  by  the 
White  House  Office  of  Science  and  Technology  Policy,  and  I  assume 
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that  that  study  might  make  some  recommendations  with  regard  to 

;  this  kmd  of  issue,  xa  that  a  correct  assumption? 
>  Mr-  ;Kiksctknmann;  I  believe  they  are  looking  at  alternatives 

*  tod  majrmake  a  recommendation.  Dr.  Healy  would  be  in  better  po- 
sition to  answer  than  I  am. 

TMr?  Jrown,  It  is  quite  obvious  that  this  isn't  a  static  situation  in 
view -or  thp i  fact<that  you  have  had  50-percent  increase  in  indirect 
coJs  over  the  last' 12  years. 
Mr.  Kirschenmann.  That  is  correct. 

Mr.  Brown.  Are  you  familiar  with  the  increase  cost  ratios  that 
are  apphed  by  various  types  of  private  enterprise  to  direct  labor 

Costs?1-*       i  : 

Mr.  Kirschenmann.  Yes,  sir. 

Mr. Shown.  For  example,  an  engineering  firm  that  has  a  con- 
tract  with  the  Government  to  perform  a  certain  task  would  anply 
an  indirect  cost  to  their  direct  labor  cost  in  order  to  determine 
some  reasonable  figure.  Can  you  give  me  an  idea  what  kind  of 
ratios  might  be  custornssy  in  those? 

Mr-  Kirschenmann.  Thoiie  rates  are  very,  very  high  compared  to 
university  rates.  I  thick  if  you  take  the  manufacturing  overhead, 
and  engineering  overhead,  and  G  and  A,  the  most  large  R&D  or 
m^ufacturing  firms  defense  industry  particularly  apply,  yo<i  are 
talking  about  well  over  100  percent.  I  am  not  sure  that  is  a  fair 
comparison. 

Mr;' Brown.  I  am  not  sure  it  is  either.  Some  intermediate—that 
may  set  the  limit  to  what  a  fair  comparison  would  be? 
Mr.  Kirschenmann.  Yes,  sir. 

Mr-  Brown.  And  the  question,  what  goals  are  we  trying  to 
achieve? |  Now,  in  a  private  contract,  the  firm  is  going  to  make  sure 
that  its  billings  provide  the  income  necessary  to  keep  its  equipment 
and  faculties  up  to  date,  I  presume. 

Mr-  Kirschenmann.  Yes,  I  would  presume,  yes,  sir. 

Mr.  Brown.  So  that  if  we  were  interested  in  achieving  that  for 
university  research,  we  might  want  to  have  a  little  more  flexibility 
in  those  indirect  costs. 

Mr.  Kirschenmann.  Yes;  sir,  what  I  don't  know,  what  I  can't  re- 
spond to  you  right  now,  is  the  percentage  of  that  industrial  over- 
head rate  that  is  applicable  to  its  facilities. 

Mr.  Brown.  I  understand  that,  part  of  it  would  be  their  profit 
margin. 

Mr.  Kirschenmann.  That  is  also  in  there,  that  is  right. 
Mr.  Brown.  And,  of  course,  we  don't  normally  associate  that 
profit  margin  with  university  research. 
Mr.  Kirschenmann.  That  is  correct. 
Mr.  Brown.  We  are  getting  a  bonus  there. 
Mr.  Kirschenmann.  Yes,  sir. 
Mr.  Brown.  That  is  correct. 
Mr.  Fuqua.  Mr.  Lewis. 
Mr.  Lewis.  Thank  you,  Mr.  Chairman. 

I  understand  that  the  indirect  cost  category  rates  are  negotiated 
separately  with  each  university.  Does  the  Government  come  back 
and  audit  in  these  areas  and  determine  how  and  where  the  indirect 
funding  was  expended,  or  is  the  university  in  a  position  to— uncom- 


56 

promising  position  like  some  of  our  defense  contractors— deal  with 
indirect  cost? 

.Mr.  Kirschenmann.  We  do  know  with  reasonable  certainty  that 
where  these  costs  that  are  being  reimbursed  are  incurred.  As  I 
mentioned  to  the  Chairman,  the  only  area  we  do  not  know  is 
whether  the  actual  cash  that  is  reimbursed  to  a  school  for  its  cap- 
ital, amortization  use  charges  and  so  forth,  is  actually  used  to  re- 
place though.  We  don't  know  that,  but  we  do  know  that  all  the 
other  expenditures,  all  the  other  claims  that  they  make,  this 
charge  that  they  make,  in  the  indirect  cost  proposals  are  in  fact 
expendedcfor^thoee.purpoees,  yes,  sir. 

Mr.  Lewis.  Is  that  done  on  an  annual  audit  or  audit  per  contrac- 
tor? 

Mr.  Kirschenmann.  ,  Well,  it  is  done  annually  or  semiannually 
by  our  negotiations  staff  in  the  field,  and  then  there  are  periodic 
audits,  onsite  audits,  by  audit  agencies  of  at  least  a  mqjor  institu- 
tion. That  is  not  done  every  year,  but  it  is  done  sufficiently  often,  I 
think,  to  give  us  reasonable  assurance  what  the  institutions  identi- 
fied in  their,  proposal  actually  do  spend. 

Mr.  Lewis.  Is  there  a  possibility  that  we  could  see  a  fixed  base 
contract,  fixed  contracts  for  the  institutions  that  x  number  of  dol- 
lars for  a  particiUar  project  that  they  have  the  right  to  spend  any- 
where they  want  without  an  audit? 

Mr.  Kirschenmann.  Well,  one  could  have  that  policy.  I  think 
what  people  like  myself,  from  the  administ  ative  side  that  has  to 
go  back  in  and  look  at  those  charges,  would  like  is  some  definition, 
some  reasonable  definitive  statement  as  to  what  it  is  those  moneys 
are  to  be  expended  for  and  to  what  extent  there  would  need  to  be 
an  accountability  for  them  and,  for  example,  how  one  computes 
that  amount.  But  given  those  caveats,  I  think  it  could  be  done;  yes. 

Mr.  Lewis.  Do  we  have  a  situation  where  one  university  or  one 
group  could  submit  RFP's  for  particular  projects  rather  than  then 
go  after  a  grant  after  that  to  make  it  more  competitive? 

Mr.  Kirschenmann.  I  am  sorry,  I  didn't  understand  the  ques- 
tion. 

Mr.  Lewis.  I  didn't  understand  it  myself.  Rather  than  apply  for  a 
grant,  is  there  some  way  universities  could  be  more  competitive  for 
research  programs,  rather  than  just  apply  for  a  grant? 

Mr.  Kirschenmann.  Well,  my  sense  of  the  Research  Grants  Pro- 
gram certainly  at  our  department,  NIH,  is  that  it  is  highly  com- 
petitive. I  don  t  know  whether  you  would  get  any  more  competition 
by  moving  into  the  procurement  arena  as  opposed  to  the  grant 
arena  I  have  sat  in  on  a  number  of  study  group  evaluations  of  pro- 
posals, and  I  can  tell  you  they  are  very  stringent  evaluations.  I 
think  there  is  a  great  deal  of  competition  out  there.  To  answer 
your,  question,  I  don't  think  you  would  increase  competition  by 
going  to  the  procurement  arena. 

Mr.  Lewis.  Do  we  have  a  situation  where  you  would  have  a  grant 
issued  and  at  the  completion  of  that  grant  x  research  has  been  ac- 
complished, but  then  a  followup  grant  is  issued  to  another  organi- 
zation or  university,  and  how  do  you  

Mr.  Kirschenmann.  For  the  same  project? 

Mr.  Lewis.  Yes. 


Si 
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Mr.  Kirschenmann.  I  guess  that  could  occur,  and  I  know  it 
occu,r?- 1  am  really  not  the  best  person  to  ask  that  question.  You 
would  be  better  served  by  asking  somebody  in  the  scientific  area.  I 
do  know,  for  example,  that  there  are  instances  in  which  a  project, 
a  principal  investigator  on  a  project,  changes  universities  and  the 
grant  would  go  with  that  individual  because  he  is  key  to  the  con- 
duct of  it 

Mr.  Lewis.  Thank  you. 

Mr.  Fuqua.  Thank  you  very  much.  We  appreciate  your  being 
with  us  today,  and  we  will  also,  without  objection,  make  the  entire 
comments,  including  the  charts,  part  of  the  record. 

Mr.  Kirschknmann.  Thank  you. 

ftfcPUQUA.  Next  is  Dale  Corson,  Chairman  of  Government-Uni- 
versihr-Industry  Research  Roundtable  in  the  Academy  of  Sciences. 
[A  biographical  sketch  of  Dr.  Corson  follows:] 
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Dr.  Corson  was  a  staff  member  of  the  Massachusetts  Institute  of  Technology  Ra- 
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Energy  Commission.  He  received  a  Presidential  Certificate  of  Merit  in  1948  for  his 
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Dr.  Corson,  a  native  of  Pittsburg,  Kansas,  received  his  bachelor  of  arts  degree 
from  the  College  of  .Emporia  in  1934,  his  master  of  arts  degree  in  physics  from  the 
University  of  Kansas,  1935,  and  his  Ph.D.  in  physics  from  the  University  of  Califor- 
nia in  1938.  He  was  associated  with  the  design  anft  construction  of  the  (JO-inch  cyclo- 
tron at  the  University  of  California  Radiation  Laboratory.  He  is  a  fellow  of  the 
American  Physical  Society  and  a  member  of  Phi  Beta  Kappa,  Tau  Beta  Pi  and 
Sigma  XL 

Dr.  Corson  received  an  honorary  doctor  of  laws  degree  from  Hamilton  College  in 
1973,  similar  honorary  degrees  in  1972  from  Columbia  University,  and  from  Elmira 
College  in  1977.  In  1970,  the  College  of  Emporia  awarded  him  an  honorary  doctor  of 
humane  letters  degree.*  In  1975  the  University  of  Rochester  awarded  him  an  honor- 
ary doctor  of  science  degree.  He  was  awarded  a  distinguished  service  citation  by  the 
University  of  Kansas  Alumni  Association  in  1972  and,  in  1971,  received  the  Out- 
standing Alumnus  of  the  Year  Award  from  the  Co'^e  of  Emporia. 
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STATEMENT  OF  DR.  DALE  R  CORSON,  PRESIDENT  EMERITUS, 
CORNELL  UNIVERSITY,  ITHACA,  NY;  AND  CHAIRMAN,  GOVERN- 
MENT-UNIVERSITY-INDUSTRY  RESEARCH  ROUNDTABLE,  NA- 
TIONAL ACADEMIES  OF  SCIENCES,  WASHINGTON,  DC 

Dr.  Corson.  Mr.  Chairman,  and  members  of  the  task  force,  my 
name  is  Dale  Corson,  and  I  am  chairman  of  the  Government-Uni- 
versity-Industry Research  Roundtable,  sponsored  by  the  National 
Academies  of  Sciences  and  Engineering.  I  am  a  physicist  by  train- 
ing, and  I  am  the  emeritus  president  of  Cornell  University.  I  am 
happy  to  appear  before  you  today  to  talk  about  the  infrastructure 
for  academic  research,  a  topic  of  great  national  importance. 

To  begin  with,  let  me  define  what  I  mean  by  'infrastructure." 
Definition:  By  infrastructure  for  university-based  research,  I  mean 
the  people,  the  facilities,  the  necessary  equipment,  including  some 
very  large  equipment,  the  research  libraries,  and  the  institutional 
arrangements  best  designed  to  promote  effective  research.  These 
arrangements  extended  oeyond  those  between  the  Federal  Govern- 
ment and  the  research  universities.  They  i-jw  include  the  States 
and  industry. 

In  discussing  these  topics,  I  will  be  describing  a  system  of  nation- 
al investment  in  a  research  enterprise  designed  to  serve  best  our 
national  interest.  I  emphasize  the  word  "investment." 

Another  concept  that  must  characterize  the  research  system  is 
that  of  partnership. 

A  concept  that  I  reject  is  that  of  procurement  in  promoting  the 
research  enterprise.  Kesearch  is  too  unpredictable  and  too  fragile 
to  treat  in  this  way. 

Finally,  I  want  to  keep  the  concept  of  excellence  squarely  before 
us. 

Let  me  now  discuss  the  elements  of  the  infrastructural  system 
and  *et  me  begin  with  the  people.  This  is  the  most  important  ele- 
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ment  of  all.  Without  qualified  people  at  all  levels,  nothing  else 
matters. 

I  want  to  emphasise  the  importance  of  skilled  supporting  techni- 
cal staff  and  to  state  my  belief  that  an  adequate  flow  of  such 
people  may  be  in  jeopardy.  At  Cornell  University,  there  are  five  or 
six  sumforting  staff  for  every  faculty  member.  Many  of  these  are 
unskilled  workers  and  secretaries.  Many  others,  however,  are 
skilled  technical  staff.  These  include  electronic  technicians,  instru- 
ment makers,  and  an  increasing  number  are  super  technicians,  op- 
erating centralized  and  complex  facilities.  This  latter  group  is  a 
growing  group  of  technical  workers  that  we  may  find  in  short 
supply  in  the  future. 

I  oase  my  concern  on  the  state  of  high  school  science  and  mathe- 
matics teaching,  which  may  also  jeopardize  the  flow  of  scientists 
themselves.  Ho  more;  than  20  percent  of  high  school  students  are 
expose*!  to  physics,*  and*  only  50  percent  are  exposed  to  as  much  as 
2  years  of  science  of  any  kind.  Only  6  percent  of  high  school  stu- 
dents take  4  years  of  mathematics. 

How  can  we  interest  enough  people  in  science  and  engineering  to 
meet  our  future  needs,  whether  for  research  scientist  or  for  super- 
technician  careers,  given  the  state  of  affairs? 

Research  instruments  and  research  equipment  generally  have 
reached  a  state  of  obsolescence  that  limits  the  amount  and  the 
quality  of  research  that  is  possible  in  the  research  universities.  La 
engineering,  this  is  a  factor  turning  young  research  i>eople  away 
from  academic  careers.  The  result  is  an  inability  of  universities  to 
fill  available  engineering  faculty  teaching  and  research  positions. 
Academic  careers  are  simply  not  as  attractive  as  are  industrial  ca- 
reers. It  is  ironi?  that  the  great  interest  in  computers  and  comput- 
er-related technologies  has  attracted  more  and  more  engineering 
students  at  the  undergraduate  level,  but  the  same  technologies  are 
pulling  graduates  into  attractive  jobs  after  the  bachelors  degree 
and  are  deflecting  them  from  graduate  study  which  would  prepare 
them  for  academic  research  and  teaching  careers.  In  light  of  this 
situation,  more  than  half  of  the  young  faculty  appointments  that 
are  being  made  in  engineering  are  foreign  nationals. 
t  Thare  have  been  more  comprehensive  studies  of  the  instrumenta- 
tion and  equipment  shortages  than  I  can  give  here.  I  want  to  stress 
that  as  we  learn  more  and  more  about  the  underlying  phenomena 
in  the  fields  we  study,  we  learn  more  and  more  about  now  to  meas- 
ure the  things  we  want  to  measure.  Inevitably,  these  new  measur- 
ing instruments  are  large  and  expensive — very  expensive.  What  we 
can  do  with  it,  however,  is  little  short  of  miraculous.  Today 
progress  in  many  fields  is  limited  by  the  unavailability  of  instru- 
ments that  cost  hundreds  of  thousands  of  dollars. 

As  the  need  for  very  expensive  equipment  develops,  the  shared 
use  concept  is  essential.  Shared  use  is  one  example  of  the  partner- 
ship concept  that  I  believe  is  so  important.  Other  partnerships 
must  also  be  developed  to  magnify  the  impact  of  the  Federal 
agency  equipment  support  programs  that  we  have  begun  in  recent 
years.  Company-funded  instrumentation  programs  have  been  im- 
portant in  selected  areas.  More  directed  attention  to  partnership 
with  the  states  in  sorting  out  responsibilities  for  both  research  and 
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V  "  instructional  equipment  would  be  beneficial.  Finally,  opportunities 
% ,  *  for  pooling  funds  and  distributing  the  debt  risk  should  be  explored. 
^ .  In  connection  with  the  equipment  problem,  and  related  to  the 

people  problem,,  is  the  issue  of  equipment  maintenance.  The  Feder- 
l  si  Government,  the  State  governments  and  the  universities  must 

;  resolve  the  issue  ,of  cost  sharing  and  provide  for  adequate  support 

r*  staff  in  this  area. 

•  r  "  Facilities,  ?as  .typified  by  research  laboratories,  represent  another 

^timal^nged.  One  .must  disthujuish  those  cases  where  new 
Uyi  f&wtiw i  are  abeolufelv  essential  to*  the  progress  of  the  science  in 
h\  fl^^iop  Oipoo  where  the  science  can  continue  to  be  done  in 
]  y  the  old  facilities  but  at  the  price  of  lees  than  ^p^imum  productivity. 
K  -  J  ,can  pjit  no  numbers  on  the  problems.  I  kiiow  of  no  studies 
i  '  whicji;;  have  provided  adequate  data  The  total  need  for  new  and 
\y/  renovat^facilities  is  certainly  measured  in  billions  of  dollars. 

J  To  provide  facilities,  we  need  a  national  program,  again  based  on 

1  the  partnership  concept,  that  will  regularize  the  facilities  appro- 

priation process,  that  will  provide  for  comprehensive  merit  review 
r  taking  into  account  social  and  economic  factors,  as  well  as  scientif- 

ic merit,  and  which  will  leverage  Federal  fimds  to  the  mnxinnim 

*  degree  possible. 

:  As  we  develop  programs  to  address  these  facility  needs,  we  must 

think  about  new  ways  to  finance  them.  Given  the  magnitude  of  the 

f  problem,  and  given  the  degree  to  which  the  national  welfare  de- 

pends on  solving  such  problems,  the  Federal  Government  must  nec- 
essarily play  the  lead  role.  There  is  no  poesiblity,  however,  that  the 
Federal  Government  will  provide  funds  in  an  amount  sufficient  to 
relieve  the  accumulated  need 

#  Various  approaches  to  financing  have  been  proposed  for  discus- 
sion within  the  Research  Roundtable.  I  put  them  forward  here  not 
as  recommendations  but  as  suggestions  deservirg  further  examina- 
r  tion.  I  also  assume  that  any  national  program  will  include  some,  oi 

a  combination,  of  these  approaches. 

Using  the  terms  of  the  financial  world,  equity  financing  can  be 
provided  through  direct  Federal  appropriations,  set-asides  from 
current  federal  R&D  programs,  realistic  depreciation  charges  on 
Federal  research  grants  and  matching  funds  from  universities, 
from  States,  from  industry  and  from  gifts. 

Further  leverage  on  these  funds  can  be  provided  through  debt  fi- 
nancing. We  must  look  for  a  way  t,t  use  Federal  funds  as  a  base  for 
a  national  program  of  construction  bond  issues,  preferably  tax- 
exempt,  to  be  amortized  over  a  period  of  years— say  10  or  16— from 
one,  or  a  combination,  of  the  equity  sources  listed  above. 

The  Governmentrlndustry-Research  Roundtable,  which  I  repre- 
sent, will  conduct  a  2-day  conference  in  July,  under  joint  sponsor- 
ship with  the  Office  of  Science  and  Technology  Policy  and  &e  Na- 
tional Science  Board,  to  explore  approaches  such  as  these  to  pro- 
vide academic  research  facilities.  We  expect  tc  have  congressional 
representation  at  ihe  conference,  of  course. 

1  include  research  libraries  as  a  part  of  the  research  infrastruc- 
ture. The  ways  these  libraries  are  opened  and  used  have  evolved 
substantially  over  the  past  two  decades  and  they  hold  tha  promise 
for  entirely  aew  ways  to  communicate  through  the  written  word. 
The  systems  now  in  place  are  impressive — in  a  matter  of  seconds 
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an  investigator  can  locate  any  book  or  other  bibliographic  material 
cataloged  by  any  one  of  the  Nation's  msjor  research  libraries. 

There  is  also  the  promise  of  replacing  the  hard  text  copy  of  writ- 
ten material  with  computer  screen  readouts  or  rapid  printouts  of 
text  that  is  of  interest.  This  promise  is  still  a  long  way  from  mate- 
rialization, however.  In  fact,  the  computerized  library  systems,  as 
they  exist,  still  have  a  long  way  to  go  to  provide  the  optimum  serv- 
ice to  scientific  investigators.  We  must  find  ways  to  invest  in  li- 
braries in  the  same  way  we  invest  in  other  research  infrastructure. 

Finally,  I  will  discuss  the  institutional  relationships  which  I 
think  important  in  promoting  research  of  the  quality  best  designed 
to  serve  the  national  interest.  I  have  already  touched  on  this  sub- 
ject in  my  discussion  of  "investment"  versus  "procurement"  con- 
cepts. 

1  want  to  emphasize  that  the  system  we  developed  following 
World  War  n,  based  on  the  Bush  Report,  is  an  excellent  system. 
However,  over  the  decades  the  system  has  adapted  to  changing  con- 
ditions and  changing  requirements  by  applying  patches.  The  cur- 
rent system  of  rules,  regulations  and  procedures  is  inappropriate 
for  the  most  effective  operation  of  the  research  system.  It  is  time  to 
take  a  look  at  the  entire  research  supporting  enterprise  to  see  how 
it  might  be  simplified  and  modified  to  serve  the  national  need  more 
efficiently.  To  this  end,  the  Research  Roundtable  is  sponsoring  a  1- 
dayevent  on  June  5  to  explore  the  issues. 

There  are  other  institutional  arrangements  that  are  imnortant. 
With  fewer  tenure-track  positions  available,  universities  mu3t  find 
new  ways  to  appoint  more  research  scientists,  and  they  must  find 
wots  to  bnug  "new  blood"  into  their  aging  faculties. 

We  have  seen  the  evolution  of  many  cooperative  ventures  be- 
tween universities  and  industry  in  recent  years.  The  Research 
Roundtable  is  conducting  a  set  of  cese  studies  of  new  university-in- 
dustry alliances  to  examine  what  the  effects  are.  A  central  ques- 
tion to  be  addressed  concerns  what  new  institutional  arrangements 
within  universities  and  within  industry  are  necessary  to  make  the 
alliances  productive? 

The  roost  productive  research  at  the  frontiers  of  science  demand 
interdisciplinary  approaches.  Modifications  in  Federal  funding  pro- 
cedures and  in  university  structure  and  reward  systems  are  re- 
quired in  order  to  pursue  these  opportunities. 

Another  institutional  arrangement  worthy  of  consideration  is 
that  by  which  national  laboratories  develop  programs  that  are  of 
joint  interest  with  industry  and  universities. 

I  will  conclude  by  mentioning,  with  no  detailed  discussion  or 
analysis,  the  mosta  difficult  and  complex  of  all  infrastructure 
issues— the  appropriate  size  of  the  academic  research  system,  the 
roles  of  the  research  universities  and  their  relationship  to  other  in- 
stitutions in  our  society. 

Our  system  has  been  driven  by  a  number  of  forces  since  World 
War  II.  In  the  years  after  that  war,  there  was  popular  belief  that 
science  could  solve  any  societal  problem.  When  that  illusion  was 
fading,  Sputnik  put  renewed  vigor  into  our  educational  and  re- 
search systems,  and  there  was  a  period  of  great  vitality.  The  move 
to  the  Great  Society"  in  the  1960's  led  to  an  enormous  expansion 
of  our  educational  system,  and  we  built  capacity  that  we  do  not 
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now  need.  As  we  back  away  from  the  concepts  of  that  era,  great 
strains  have  been  introduced.  As  we  seek  ways  to  relieve  those 
strains,  we  must  examine  the  overall  size  and  scope  of  the  educe- 
tional  and  research  enterprise.  Some  parts  of  the  system  will  need 
expansion.  Other  parts  will  need  contraction. 

1  have  no  advice  on  how  best  to  carry  out  this  difficult  examina- 
tion. The  Research  Roundtable  has  not  come  to  grips  with  it. 

To  sum  up:  I  have  interpreted  the  term  "infrastructure"  broadly. 
I  see  the  entire  system  supporting  our  national  research  effort  as  a 
national  investment  enterprise,  including  many  seotors  of  our  soci- 
ety, with  the  Federal  Government  necessarily  being  one  of  the 
principal  partners.  The  enterprise  is  in  need  of  revitalization,  and 
as  the  task  force  proceeds  with  its  study,  there  are  two  concepts  I 
hope  you  will  keep  before  you:  "investment"  and  "partnership. 

Thank  you  for  the  opportunity  to  discuss  these  matters  with  you. 

[The  prepared  statement  of  Dr.  Corson  follows:] 
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Testimony  by  Dale  R.  Corson 
on 

THE  FEDERAL  GOVERWENF  A*B  THE  UNIVERSITY  RESEARCH  INFRASTRUCTURE 
May  21,  1985 

Mr.  Chairman  and  markers  of  the  Task  Force.   My  name  is  Dale  Corson 
and  I  an  Chairman  of  the  Government-University^ Industry  Research  Round- 
table,  sponsored  by  the  National  Academies  of  Sciences  ind  Engineering.  I 
am  a  physicist  by  training  and  I  am  the  Etaeritus  President  of  Cornell  Uni- 
versity.  I  am  happy  to  appear  before  you  today  to  talk  about  the  Infra- 
structure for  Academic  Research,  a  topic  of  great  national  importance. 

To  begin  with,  let  me  define  what  I  mean  by  "infrastructure". 

DEFINITION.   By  infrastructure  for  university-based  research  I  mean  the 
people,  the  facilities,  the  necessary  equipment,  including  some  very 
large  equipment,  the  research  libraries  and  the  institutional  ar- 
rangements best  designed  to  promote  effective  research.   These  ar- 
rangements extend  beyond  those  between  the  federal  government  and 
the  research  universities.  They  now  include  the  states  and  indus- 
try. 

PEOPLE.  The  people  I  include  are  those  essential  to  support  efficient 
research  programs.   These  include  technicians,  mechanicians, 
research  assistants,  secretarial  and  administr?*  tve  staff. 

FACILITIES.   By  facilities  I  mean  the  buildings,  the  laboratories,  the 
machine  shops,  and  the  specialized  technical  operation  facilities 
designed  to  house  and  to  support  research  projects  effectively. 

EQUIPMENT.   By  equipment  I  mean  those  essential  scientific  instruments  and 
machines  which  are  too  large  and  too  expensive  to  be  supported  on  a 
single  principal  investigator's  gram  ~.  contract.   As  research 
equipment  becomes  larger  and  more  expensive,  it  is  increasingly 
necessary  to  supply  such  equipment  on  an  institutional,  regional  or 
even  national  basis. 

RESEARCH  LIBRARIES.  The  irejor  research  libraries  provide  the  biblio- 
graphic foundation  of  the  nation's  research  effort.   Hey  face 
serious  problems  as  they  strive  to  serve  research  ends  adequately. 
Among  the  problems  are  the  requirement,  and  the  opportunity,  to  use 
new  conputer  and  concunications  technology,  the  need  to  meet 
expanded  expectations  for  collection  coverage,  and  the  need  to 
provide  easy  access  and  service  reliability.   The  rapidly  rising 
cost  of  such  services  is  a  major  part  of  the  problem. 

INSTITUTIONAL  ARRANGEMENTS.    Here  I  mean  organizational  arrangements 
designed  to  further  the  objectives  of  the  relevant  research 
programs.  Included  are  institutional  relationships  within 
universities,  between  universities,  between  universities  and 
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industrial  laboratories  and,  especially,  between  universities  and 
sponsoring  federal  agencies  and  state  governments. 


In  discussing  these  topics  I  will  be  describing  a  system  of  national 
investment  in  a  research  enterprise  designed  to  serve  best  our  national 
interest*   I  emphasize  the  word  "investment."   I  will  be  describing  a 
system  intended  to  make  research  in  science  and  engineering  prosper  to  the 
maximum  degree  possible*  To  do  this,  the  system  must  support  the  enter- 
prise adequately,  on  a  base  broad  enough  to  permit  the  research  to 
progress  effectively  in  any  promising  direction* 

Another  «x>ncept  that  must  characterize  the  research  system  is  that 
of  "partnership*.  Although  the  partnership  must  involve  many  sectors  of 
our  society,  the  research  universities  and  the  Federal  Government  are  by 
far  the  mod  important  elements  of  the  system*   These  are  the  elements 
that  I  will  be  discussing  primarily* 

Industry  and  state  governments  are  playing  more  important  roles  in 
the  research  system,  and  we  must  find  ways  to  nurture  these  relation- 
ships* We  must  bring  other  institutions  of  our  society  into  the  research 
supporting  system,  as  well;  for  example  the  financial  world*  we  roust  find 
ways  to  finance  the  provision  of  facilities  and  the  large  equipment  so 
that  we  do  not  rely  totally  on  the  federal  goverment  for  the  enormous 
capital  outlays  required* 

A  concept  that  I  reject  is  that  of  "procurement"  in  promoting  the 
research  enterprise.  Over  a  long  time  our  research  system,  which  has  been 
the  envy  of  the  world,  has  gradually  assumed  irore  and  more  features  char- 
acteristic of  the  federal  procurement  system,  designed  for  the  procurement 
of  "things",   Ttere  has  been  a  trend  toward  specification  of  particular 
research  results  required  and  toward  the  use  of  the  mechanisms  of  the  pro- 
curement process  to  address  that  requirement.   Research  is  too  unpre- 
dictable and  too  fragile  to  treat  in  this  way. 

Finally,  I  want  to  keep  the  concept  of  "excellence"  squarely  before 
us.   In  the  words  of  the  late  FUxlip  Handler,  former  President  of  the 
National  Academy  of  Sciences:    "In  science  the  best  is  vastly  more 
important  than  the  next  best". 


Let  me  now  go  back  and  discuss  the  elements  of  the  infrastructural 
system,  and  let  me  begiii  with  the  figojclfi.  Ttrs  is  the  most  important 
element  of  all.  Without  qualified  people  at  all  levels,  nothing  else 
matters.  The  most  important  people  of  all  are  the  scientists  3**3 
engineers  themselves,  and  while  they  do  not  constitute  part  of  the  infra- 
structure, it  is  important  to  consider  them  in  any  discussion  of  science 
policy.   I  will  not  pursue  this  subject  here  but  I  will  discuss  the  issue 
in  a  separate  letter  to  the  Task  Force. 

In  defining  the  scope  of  the  study  the  Task  Force  stated  that  "only 
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those  aspects  of  science  and  engineering  education  which  ace  directly 
related  to  research  activities  should  be  covered  in  the  Study",   I  am 
unsure*  of  the  intent  of  this  statement  but  I  want  to  emphasize  the 
importance  of  skilled  supporting  technical  staff  and  to  state  my  belie* 
that  an  adequate  flow  of  such  people  may  be  in  jeopardy. 

At  Cornell  University  there  are  five  or  six  supporting  staff  for 
every  faculty  member.  Many  of  these  are  custodial  staff,  other  unskilled 
workers  end  secretaries.  Many  others,  however,  are  skilled  technical 
staff  supporting  the  work  of  the  research  faculty.  These  include  elect- 
ronic technicians,  instrument  makers  and  other  more  or  less  traditional 
workers*  An  increasing  number,  however,  are  "super  technicians",  oper- 
ating centralized  and  complex  facilities*  Among  these  are  electron 
microscopy  centers,  nuclear  magnetic  resonance  facilities,  the  very  lowest 
temperature  cryogenic  laboratories,  and  crystal  growing  facilities  in 
"super  clean"  rooms* 

This  is  a  growing  group  of  technical  workers  that-  we  may  find  in 
short  supply  in  the  future* 

I  base  my  concern  on  the  state  of  high  school  science  and  math- 
ematics teaching,  which  may  also  jeopardise  the  flow  of  scientists 
themselves.   No  more  than  20%  of  high  scnool  students  are  exposed  to 
physics  these  days,  and  only  50%  are  exposed  tc  as  much  as  two  years  of 
science  of  any  kind.  Only  6%  of  high  school  students  take  four  years  of 
mathematics.   Further,  the  number  of  science  teachers  in  training  is 
declining. 

How  can  we  interest  enough  people  in  science  and  engineering  to  meet 
our  future  needs,  whether  for  research  scientist  or  for  super  technician 
careers,  given  this  state  of  affairs?  Both  the  structure  and  the 
infrastructure  of  research  may  be  at  risk. 


Research  instruments  and  research  equipment  generally  have  reached  a 
state  of  obsolescense  that  limits  the  amount  and  the  quality  of  research 
that  is  possible  in  the  research  universities.   In  engineering  this  has 
reached  proportions  that  is  a  factor  in  turning  young  research  people  away 
from  academic  careers.   The  result  is  an  inability  of  universities  to  fill 
available  engineering  faculty  teaching  and  research  positions.  Academic 
careers  are  simply  not  as  attractive  as  are  industrial  careers.   It  is 
ironic  that  the  great  interest  in  computers  and  computer-related  tech- 
nologies have  attracted  more  and  more  students  at  the  undergraduate  level 
but  the  same  technologies  are  pulling  graduates  into  attractive  jobs  after 
the  bachelors  degree  and  are  deflecting  them  from  graduate  study  which 
would  prepare  them  for  academic  research  and  teaching  careers. 

In  light  of  this  situation,  more  than  half  of  the  young  faculty 
appointments  that  are  being  made  in  engineering  are  foreign  nationals. 


There  have  been  better  x>mprehensive  studies  of  the  instrumentation 
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£Dd  flaflcBBft  shortages  than  I  can  give  here.   I  want  to  stress  the  large 
equipment  which  is  required  for  the  best  research  in  some  fields.  As  we 
learn  sore  and  more  about  the  underlying  phenomena  in  the  fields  we  study, 
we  learn  sore  and  sore  about  how  to  measure  the  things  we  want  to  measure. 
Inevitanly#  these  new  measuring  instruments  are  expensive.   For  example , 
i   we  go  to  smaller  *nd  smaller  structures  in  microelectronic  tech- 
nologies ,  we  reach  limits  where  optical  photo-lithographic  techiques  for 
making  the  small  chip  structures  are  inadequate,  and  we  must  go  to  x-ray 
lithography  and  to  electron  beam  writing  techniques.  Hie  equipment  to  do 
this  is  large  and  expensive— very  expensive.  What  we  can  do  with  it, 
r-^ever,  is  little  short  of  miraculous. 

A  technology  that  has  proved  of  enormous  usefulness  in  studying 
atomic  and  molecular  structures,  including  those  in  living  bodies,  is 
nuclear  magnetic  resonance.   SUch  a  machine,  large  enough  to  accomodate  a 
human  body,  costs  hundreds  of  thousands  of  dollars.  Hie  same  technology 
provides  powerful  analytical  tools  in  fields  as  diverse  as  materials 
science  and  molecular  biology.   Today  progress  in  many  fields  is  limited 
by  the  unavailability  of  instruments  such  as  these. 

Obese  large  and  expensive  machines  are  leading  to  the  concept  of 
pooled  use.   Ibe  using  pool  may  be  all  the  interested  departments  in  a 
single  university  or  it  may  be  a  regional  facility  serving  all  the 
research  laboratories,  university  and  industrial,  in  the  region,  as  the 
need  for  very  expensive  equipment  develops,  the  shared  use  concept  is 
essential. 

Shared  use  is  one  example  of  the  "partnership"  concept  that  I 
believe  is  so  important,   other  partnerships  must  also  be  developed  to 
magnify  the  impact  of  the  federal  agency  equipment  support  programs  that 
have  begun  in  recent  years.  Company-funded  instrumentation  programs  have 
been  important  in  selected  areas.   There  appears  to  be  real  potential  for 
constructive  partnership  with  the  states,  especially  when  one  considerr 
the  instructional  equipment  needs  which  appear  to  be  fully  as  important  as 
the  research  ne-^d3  in  many  places.   Some  states  have  launched  substantial 
programs  for  upgrading  scientific  equipment.  More  directed  attention  to 
partnership  with  the  states  in  sorting  out  responsibilities  for  both 
research  and  instructional  equipment  would  be  beneficial.   Finally,  debt 
financing  has  been  used  to  fund  equipment  acquisition.   Opportunities  for 
pooling  funds  and  distributing  the  debt  risk  should  be  explored. 

-  In  conitection  with  the  equipment  problem,  and  related  to  the 
•people"  problem,  is  the  issue  of  equipment  maintenance.  As  the  equipment 
becomes  more  sophisticated  and  expensive,  the  maintenance  technicians 
require  more  training  and  command  higher  salaries.   Ifte  federal 
government,  the  state  governments  and  the  universities  must  resolve  the 
issue  of  cost  sharing  and  provide  for  adequate  support  staff  in  this  area. 

The  increasing  cost  and  sophistication  of  research  equipment,  and 
the  requirement  to  develop  partnership  approaches,  as  I  have  outlined 
above,  are  straining  the  current  administrative  procedures  and  rules,  at 
both  the  state  and  the  federal  levels.  She  available  procedures  require  a 
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thorough  review* 


agilittef  as  typified  by  research  laboratories,  represent  another 
large  national  need*   It  is  impossible  for  me  to  put  any  meter  on  the 
magnitude  of  the  need*  Che  uusfc  distinguish  those  cases  where  new  facil- 
ites  are  absolutely  essential  to  the  progress  of  the  science  in  question, 
from  those  where  the  _cience  can  continue  to  be  done  in  the  old  ?icil- 
itiest  but  at  the  price  of  less  than  optimum  productivity. 

In  the  essential  category  are  •clean''  laboratories  for  work  at  the 
frontier  in  microelectronics,  "contained"  laboratories  for  areas  of  bio- 
technology such  as  recombinant  Dlfc  work,  facilities  to  handle  toxic  waste 
and  perhaps  adequate  animal  care  facilities.   It  is  impossible,  or  at  best 
cost  ineffective,  to  provide  such  badly  needed  facilites  by  renovating  old 
buildings.     Research  in  the  fields  I  have  mentioned  is  facility  limited. 

In  other  areas  with  inadequate  facilities,  renovation  may  be  both 
adeq^te  and  cost  effective.  Again  I  can  put  no  number*  on  the  problems, 
i  Know  of  no  studies  which  have  provided  adequate  data.  The  total  need 
for  new  and  renovated  facilities  is  certainly  measured  in  billions  of 
dollars, 

To  provide  facilities,  we  need  a  national  program,  again  based  on 
the  partnership  concept,  that  will  regularize  the  facilities  appropriation 
process,  that  will  provide  for  comprehensive  merit  review  taking  into 
account  social  and  economic  factors  as  well  as  scientific  mer^   and  which 
will  leverage  federal  funds  to  the  maximum  degree  possible. 


As  we  develop  programs  to  address  these  facility  needs  we  must  think 
about  new  ways  to  Hbancs  them*  Given  the  magnitude  of  the  problem,  and 
given  the  degree  to  which  the  national  welfare  depends  on  solving  such 
problems,  the  federal  government  must  necessarily  play  the  lead  role. 
There  is  no  possibility,  howevei,  that  the  federal  government  will  provide 
funds  in  an  amount  sufficient  to  relieve  the  accumulated  need. 

Various  approaches  have  been  proposed  for  discussion  within  the 
Research  Roundtaole.   I  put  them  forward  here  not  as  recomrendations  but 
as  suggestions  deserving  further  examination.   I  also  assume  that  any 
national  program  will  include  some,  or  a  combination,  of  these 
approaches. 

Using  the  terms  of  the  financial  '«orld,  equity  financiang  can  be 
provided  through  direct  federal  appropriations,  set-asides  from  current 
federal  R  and  D  programs,  realistic  depreciation  charges  on  federal 
research  grants  and  matching  funds  from  universities,  from  states,  from 
industry  and  from  gifts. 

Further  leverage  on  these  funds  can  be  provided  through  debt  finan- 
cing*  We  must  look  for  a  way  to  us?  federal  funds  as  a  base  for  a 
national  program  of  construction  bend  issues,  preferably  tax-exempt,  to  be 
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amortised  over  a  period  of  years— say  10  or  15— from  one,  or  a  ccmbin- 
ation,  of  the  equity  sources  listed  above,  /tf 

The  GovenTrnit-Indufltry-*Rssearch  Round table,  which  I  represent,  will 
conduct  a  two-day  conference  in  July,  under  joint  sponsorship  with  the 
Office  of  Science  and  Technology  Policy  and  the  National  Science  Btf|r&  to 
explore  approaches  such  as  these  to  provide  academic  research  facilities, 
Bart  of  the  discussion  will  focus  on  financing  mechanisms,  we  are  bring- 
ing experts  from  the  investment  banking  world  into  the  planning  for  this 
conference.  We  expect  to  have  Congressional  representation  at  the  con- 
ference^ of  course. 


I  include  researcn  lihrariga  as  a  vital  part  of  the  research 
infrastructure.  These  libraries  are  essential  elements  in  the  preser- 
vation and  transmission  of  knowledge  and  in  the  creation  of  new  know- 
ledge.  The  ways  these  libraries  are  operated  and  used  have  evolved 
svbetantially  over  the  past  two  decades,  with  consequent*  expansion  in 
staff,  equipment  and  expense— especially  the  latter. 

New  data  management  technology  and  new  coccunication  technology  have 
given  the  research  scientist  research  tools  not  previously  available,  aad 
these  tools  hold  the  promise  for  entirely  new  ways  to  communicate  through 
the  written  word.  The  systems  no*  \n  place  are  impressive— in  a  matter  of 
seconds  an  investigator  can  locate  any  book  or  other  bibliographic 
material  cataloged  by  any  one  of  the  nation's  major  research  libraries. 

There  is  also  the  promise  of  replacing  the  hard  text  copy  of  written 
material  with  computer  screen  readouts  or  rapid  printouts  of  text  that  is 
of  interest.   This  promise  is  still  a  long  way  from  materialization,  how- 
ever.  In  fact  the  computerized  library  systems  as  they  exist,  still  have 
a  long  way  to  go  to  provide  the  optimum  service  to  scientific  inves- 
tigators. 

These  libraries,  with  their  new  library  services,  are  essential 
elements  of  the  research  enterprise.  We  must  find  ways  to  invest  in  them 
in  the  same  way  we  invest  in  other  research  infrastructures. 


Finally,  I  will  discuss  the  ingHtution&l  relationships  which  I 
think  important  in  promoting  research  of  the  quality  best  designed  to 
serve  the  national  interest. 

I  have  already  touched  on  this  subject  in  my  discussion  of  "invest- 
ment" vs  "procurement"  concepts.   Consideration  of  these  concepts  leads  to 
study  of  the  entire  granting  and  contracting  practices  in  the  support  of 
research.   X  want  to  emphasize  that  the  system  we  developed  following 
World  War  II,  based  on  the  Bush  Report  and  leading  to  the  creation  of  the 
National  Science  Foundation  and  the  greatly  expanded  National  Institutes 
of  Health,  is  an  excellent  system. 

However,  over  the  decades  the  system  has  adapted  to  changing 
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conditions  and  changing  requirements  by  applying  patches*  Substantial 
bureaucratic  accretion  has  resulted  and  elements  of  the  system,  most 
notably  the  infrastructure  that  we  are  addressing  he  e  toda^ ,  have  gone 
unattended*   The  current  system  of  rules,  regulations  and  procedures  is 
inappropriate  for  the  most  effective  operation  of  the  research  system.  It 
is  time  to  takf  a  look  at  the  entire  research  supporting  enterprise  to  see 
how  it  might  be  simplified  and  modified  to  serve  the  national  need  more 
efficiently,   To  this  end,  the  Research  Roundtable  is  sponsoring  a  or.e-day 
event  on  June  5  to  explore  the  issues*   Participants  will  include  federal 
agency  officials,  university  officials,  research  scientists,  research 
administrators  and  others  concerned  about  the  efficacy  of  the  system* 

Ttere  are  other  institutional  arrangements  that  are  important*  I 
think  that  new  organizational  patterns  are  necessary  for  the  univer- 
sities* With  fewer  tenure-track  positions  available  they  must  find  new 
ways  to  appoint  more  research  scientists,  and  they  must  find  ways  to  bring 
"new  blood"  into  their  aging  faculties. 

We  have  seen  the  evolution  of  many  cooperative  ventures  between 
universities  and  industry  in  recent  years*  Ofaere  are  important  reasons 
for  these  developments.   I  believe  that  industry  is  more  dependent  on 
universities  than  in  the  past  for  help  in  bringing  new  ideas  to  the 
marketplace.  The  developments  in  biotechnology  are  one  example*  Micro- 
electronics and  artificial  intelligence  are  others*   These  developments 
have  proceeded  at  a  time  when  universities  are  resource  limited  ir. 
pursuing  research  in  these  fields*   So  they,  too,  look  to  the  new 
industrial  alliances  with  enthusiasm* 

The  new  technologies  and  the  new  alliances  bring  with  them  pressures 
on  the  university  for  more  effective  jultidisciplinary  research  and  edu- 
cation* The  most  productive  research  at  the  frontiers  of  science  also 
demand  interdisciplinary  approaches.  At  a  symposium  last  year  honoring 
the  1983  American  Nobel  laureates,  several  earlier  Nobel  laureate  from  a 
variety  of  disciplines  all  said  that  the  most  exciting  science  is  devel- 
oping at  the  interface  between  disciplines,  not  within  single  discip- 
lines. Modifications  in  federal  funding  procedures  and  in  university 
structure  and  reward  systems  are  required  in  order  to  pursue  these 
opportunities. 

The  Research  Roundtable  is  conducting  a  set  of  case  studies  of  new 
university-industry  alliances  to  examine  what  the  effects  are.  what  is 
happening  to  graduate  education  in  the  participating  universities?  Are 
the  alliances  effect ii  »»  in  bringing  new  and  important  ideas  to  the  market 
place  sooner?  What  new  institutional  arrangements  within  universities  and 
within  industry  are  required  to  make  the  alliances  productive? 

Another  institutional  arrangment  worthy  of  consideration  is  that  by 
which  the  federally  suppoi  ;ed  national  laboratories  develop  programs  that 
are  of  joint  interest  with  industry  and  universities.   1  want  only  to 
mention  this,  without  any  analysis  of  the  opportunities. 

I  will  conclude  by  mentioning,  with  no  detailed  liiscussion  or 
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analysis/  the  roost  difficult  and  complex  of  all  infrastructure  issues— the 
appropriate  size  of  "he  academic  research  system,  the  roles  of  the 
research  universities  and  their  relationship  to  other  institutions  in  our 
society. 

Our  system  has  been  driven  by  a  number  of  forces  since  world  war 
II.  In  the  years  after  that  war  there  was  popular  belief  that  science 
could  solve  any  societal  problem*  When  that  illusion  was  fading  sputnik 
put  renewed  vigor  into  our  educational  and  research  systems  and  there  was 
a  period  of  great  vitality.   tt»  move  to  the  "great  society"  in  the  1960s 
led  to  an  enormous  expansion  of  our  educational  system  and  we  built 
capacity  we  do  not  now  need.  As  we  back  away  from  the  concepts  of  that 
era,  great  strains  have  been  introduced.   As  we  seek  ways  to  relieve  those 
strains  we  must  examine  the  overall  size  and  scope  of  the  educational  and 
research  enterprise..  Some  parts  of  the  system  will  need  expansion.  Ocher 
parts  will  need  contraction. 

I  have  no  advice  on  how  best  to  carry  out  this  difficult  examin- 
ation.  The  Research  Round  table  has  not  come  to  grips  with  it.  Some 
states,  Michigan  for  example,  are  reckling  the  problem  in  the  context  of 
their  own  needs. 

To  sum  up:   I  have  interpreted  the  term  "infrastructure"  broadly.  I 
see  the  entire  system  supporting  our  national  research  effort  as  a 
national  investment  enterprise,  including  many  sectors  of  our  society, 
with  the  federal  government  necessarily  being  one  of  the  principal 
partners.   The  enterprise  is  in  need  of  revitalization  and  as  the  Task 
Force  proceeds  with  its  study  there  are  two  concepts  I  hope  you  will  keep 
before  you:    "investment"  and  "partnership". 

Thank  you  for  the  opportunity  to  discuss  these  matters  with  you. 


DISCUSSION 

Mr.  Brown  [acting  chairman].  Thank  you,  Dr.  Corson. 

I  commend  you  and  the  Research  Roundtable  for  the  initiatives 
that  you  are  taking.  I  perceive  in  these  initiatives  the  possibility  of 
developing  the  strategies  to  address  a  number  of  the  problems  that 
we  face  if  all  of  your  meetings  and  conferences  are  successful.  I 
hope  they  will  be. 

I  brought  out  earlier  in  questioning  Dr.  Healy  the  fact  that  many 
of  the  things  that  you  are  doing  are  embodied  in  the  Science  Policy 
Act,  which  placed  some  of  these  responsibilities  on  the  President's 
Science  Advisor.  I  note  that  in  your  activities,  you  c*re  maintaining 
a  close  liaison  with  that  office,  and  I  hope  that  you  will  consider 
that  what  you  are  doing  is  an  extension  to  what  we  have  indicated 
is  desirable  in  that  particular  piece  of  legislation. 

Let  me  raise  one  problem  which  you  will  be  addressing  in  some 
of  your  activities,  but  it  seems  to  me  to  be  particularly  important, 
and  that  is  the  situation  involving  maintaining  an  adequate  supply 
of  competent  research  faculty.  In  a  situation  where  you  may,  and 
in  fact  have  in  some  parts  of  the  past,  recent  past,  experienced  a 
decline  in  students,  a  decline  in  the  numbe*  of  tenured  faculty 
which  the  institutions  are  able  to  maintain  has  been  part  of  the 
decrease  in  students.  At  the  same  time,  our  needs  for  the  research 
that  would  be  done  by  those  faculty  members  is  increasing,  which 
seems  to  perhaps  indicate  too  close  a  coupling  between  the  teach* 
ing  and  the  reseauL  activity.  We  may  be  needing  an  increase  in 
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research  at  the  same  time  we  are  needing  a  decrease  in  teaching 
because  of  the  decline  in  the  number  of  students. 

Now,  there  are  solutions  to  that  problem.  One  direction,  of 
course,  is  t  _is  greater  emphasis  on  cooperative  research  between 
universities  and  industries,  which  would  provide  an  outlet  for  addi- 
tional university  research  personnel,  and  would  be  beneficial  to  all 
concerned,  and  there  are  probably  other  avenues,  such  as  placing  a 
greater  emphasis  upon  the  kind  of  research  institutions  that  are 
best  exemplified  by  the  Max  Plank  Institutes  in  Germany. 

Is  it  your  feeling  that  the  Research  Roundtable  might  be  able  to 
present  some  attractive  solutions  to  this  problem  which  could  be 
considered  in  terms  of  some  rather  significant  changes  in  the  way 
we  organize  the  research  and  teaching  capabilities  of  this  Nation 
as  a  whole? 

Dr.  Corson.  Well,  let  me  address  the  problem.  Let  me  say  at  the 
beginning  that  it  is  going  to  take  the  best  effort  of  everybody  that 
can  be  brought  to  bear  on  the  problem  to  deal  with  these  issues, 
and  I  want  to  point  out  that  Dr.  Heaiy  is  a  participant  in  some  of 
our  Roundtable  activities;  we  maintain  close  fink  to  that  office. 

When  you  asked  if  we  can  provide  solutions,  you  are  asking  for  a 
great  deal.  If  you  want  to  talk  about  illumination  and  discussion  of 
the  problems,  we  can  certainly  do  that.  Le"  me  talk  a  little  bit 
about  the  university  versus  the  research  institute,  which  you 
raised. 

We  are  in  a  difficult  situation  in  the  country  right  now.  The  uni- 
versities are  under  a  great  deal  of  strain  in  the  first  place.  In  the 
sciences,  we  have  little  opportunity  to  make  new  faculty  appoint- 
ments in  the  next  decade  even  because  of  the  bulge  of  faculty 
people  that  came  in  during  the  great  expansion  in  the  universities 
in  the  1960's  in  physics  and  chemistry  and  mathematics;  this  is 
particularly  serious.  At  Cornell,  for  example,  in  those  three  depart- 
ments in  the  next  decade,  unless  something  special  is  done,  there 
are  no  opportunities  for  more  than  two  or  three  appointments  in 
all  three  departments,  and  all  three  are  large  departments. 

At  the  same  time,  the  need  for  research  in  areas  that  are  pri- 
marily university-based,  are  to  a  large  degree  university-based,  is 
growing.^  ^or  example,  in  biotechnology,  microelectronics,  in  artifi- 
cial intelligence  and  ether  computer  developments,  there  is  a  need 
for  universities  to  link  themselves  with  industry  or  for  industry  to 
link  themselves  with  universities  in  bringing  these  new  technol- 
ogies to  the  marketplace  more  rapidly. 

A  great  deal  more  research  is  needed  in  these  areas,  but  the  uni- 
versities have  no  capacity  to  appoint  the  necessary  people  except  in 
engineering,  where  there  are  openings  that  can't  be  filled.  But  in 
the  basic  sciences,  there  is  no  opportunity  to  appoint  new  people, 
and  there  is  not  going  to  be  for  a  decade.  So  this  mea^  *\  that  the 
universities  must  develop  some  new  structures,  or  we  must  have 
some  new  restructure,  as  you  point  out. 

There  is  a  Soviet  model  which  is  research  institutes  largely  di- 
vorced from  universities.  I  don't  think  that  is  a  very  good  model.  A 
mere  successful  model  is  this  Max  Plank  Institute,  one  that  you 
mentioned,  which  again  is  divorced  from  the  universities,  but  I 
think  more  closely  tied  to  the  universities  than  in  the  Soviet  case. 
There  is— as  Dr.  Healy  pointed  out  in  her  testimony,  we  built  so 
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much  strength  into  our  system,  where  we  tied  teaching  and  re- 
search, that  it  seems  to  me  that  it  by  far  will  be  best  to  serve  our 
national  interest  if  we  maintain  that  link  and  find  ways  to  solve 
the  problems. 

The  way  we  are  going  to  solve  the  problems,  I  think,  is  to  build 
research  institutes  that  are  going  to  be  parallel  in  part,  linked  to 
universities,  but  not  with  a  staff  that  is  full-fledged  members  of 
university  faculties.  They  can  be  adjunct  appointments,  joint  ap- 
pointments, they  can  teach  classes,  the  institute  people  can  teach 
classes,  they  can  supervise  graduate  students  if  the  arrangements 
are  developed  most  effectively— the  institutes  will  be  separately  fi- 
nanced and  managed  probably.  It  is  good  to  take  all  the  wisdom 
anybody  can  bring  to  bear  in  developing  these,  this  relationship, 
but  I  think  it  is  essential,  if  we  are  to  provide  research  activities 
that  these  new  fields  require,  where  that  activity  is  based  to  a 
large  extent  in  the  universities. 

I  don't  know  exactly  how  it  is  going  to  go,  but  these  institutes 
are  springing  ap  in  biotechnology,  microelectronics,  and  my  own 
strong  recommendation  is  to  keep  the  teaching  and  the  research  to- 
gether. Ono  can  make  a  strong  case  for  the  proposition  that  the 
role  of  the  university  is  to  teach  people  to  solve  difficult,  novel 
problems  and  that  the  way  we  do  that  is  by  apprenticing  students 
to  people  who  are  themselves  solving  difficult,  novel  problems  and 
in  the  process,  we  are  turning  out  some  of  the  world's  best  scien- 
tists, and  we  ar>  producing  some  of  the  world's  best  research. 

Mr.  BivOWN.  Well,  I  appreciate  that  response.  I  think  that  we 
hav?  the  capability  in  this  country  to  develop  a  model  which  is  su- 
perior to  an3rthing  that  any  other  country  has  done.  In  each  of  the 
other  countries  that  we  can  look  to,  the  ones  that  you  have  men- 
tioned and  others,  their  particular  structural  pattern  arose  out  of 
their  historical  experience,  just  as  ours  did/  Our  superiority  is 
going  to  consist  of  developing  for  ourselves,  based  on  our  historical 
experience,  something  that  is  better  suited  to  cope  with  the  prob- 
lems of  the  mture  and  the  capabilities  to  analyze  and  visualize 
what  that  structure  will  be  that  will  give  us  our  leadership  in  the 
world. 

There  are  the  problems  that  we  have  referred  to  here  that  need 
to  be  overcome.  The  coupling  of  research  in  teaching  at  a  time 
when  they  get  out  of  phase,  the  problems  that  you  have  at  Cornell, 
the  problems  that  your  teaching  is  basically  disciplinary  while  the 
need  for  interdisciplinary  research  is  growing,  and  we  have  to  de- 
velop a  model  in  which  we  can  combine  the  strengths  of  both  kinds 
of  systems.  And  it  would  be  my  hope  that,  in  your  wisdom  in  the 
Research  Roundtable  that  you  could,  at  least  in  stimulating  a  dis- 
cussion of  these  things,  pose  some  alternatives  that  could  be  exam- 
ined critically,  and  we  could  develop  some  answers  that  will  help 
us  to  cop*  with  the  next  generation  instead  of  continually  worrying 
about  the  failures  of  the  past. 

Dr.  Corson.  One  of  our  working  groups  is  addressing  this  very 
issue,  the  changes  in  the  structure  of  the  university  among  other 
institutions;  it  is  going  to  have  to  take  place  if  we  are  to  meet  the 
challenge  adequately.  The  chairman  of  that  working  group  is 
Harold  Shapiro,  president  of  the  University  of  Michigan,  and  the 
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cochainnan  is  Ed  Jefferson,  who  is  CEO  of  Du  Pont.  We  have  got 
some  good  talent  thinking  about  the  problem. 

Mr.  Brown.  I  think  there  comes  to  my  mind  some  of  the  out- 
standing inteniisciplinary  research  organizations  in  this  country,  of 
which  the  Bell  Labs  and  Watson  Laboratories  at  IBM  are  exam- 
ples. The  research  done  there  is  first-rate  quality  and  includes  both 
the  applied  and  basic  research.  There  is  also  a  strong  emphasis  on 
teaching;  a  good  number  of  the  staff  that  I  have  met  there  are  ad- 
junct professors  at  some  institutions,  outstanding  institutions  gen- 
erally. 

Yet  to  achieve  a  proper  meld  between  those  facilities,  those  insti- 


ties  is  going  to  take  some  real  imagination  if  we  are  going  to  solve 
our  problems. 

Dr.  Corson.  I  am  assured  by  my  efforts  over  the  past  20  years  to 
build  that  kind  of  activity  at  Cornell,  and  I  know  some  of  the 
things  that  work,  and  I  know  a  lot  of  the  things  that  don't  work. 

Mr.  Prown.  Thank  you,  Mr.  Chairman. 

Mr.  Fuqua  [presiding].  Mr.  Lewis. 

Mr.  Lewis.  Ihave  no  questions. 

Mr.  Fuqua.  I  have  one  question,  Dr.  Corson.  Back  when  you 
were  president  of  Cornell,  and  starting  after  Sputnik  when  the  Na- 
tional Defense  Education  Act,  some  of  the  others,  we  had  some 
block  grant  programs  at  universities  then  that  later  changed  to 
more  project  type  grants.  Do  you  see  that  as  having  an  impact  on 
the  decline  of  some  of  the  infrastructure  that  we  are  talking  about 
today?  In  other  words,  have  we  caused  our  own  problem? 

Dr.  Corson.  I  think  the  problem  is  so  complex,  it  is  hard  to  place 
blame  in  any  one  place,  but  some  of  the  block  grant  programs  were 
extraordinarily  successful.  Let  me  give  an  example. 

In  about  I960,  the  Defense  Department  started  the  Materials  Re- 
search Laboratory  venture  ARPA  [Advanced  Research  Projects 
Agency],  was  the  sponsor.  NSF  took  that  over  after  a  few  years, 
and  they  promoted  a  series  of  interdisciplinary  laboratories  in  the 
materials  field.  There  are  something  like  11  of  those  in  the  first 
round  and  a  few  more  were  added  later. 

Those  appear  to  me  to  be  some  of  the  most  successful  federally- 
sponsored  research  efforts  going.  Those  are  block  grants,  at  least  at 
Cornell  it  is,  where  the  grant  comes  to  the  university,  and  the 
whole  program  is  reviewed  very  carefully  by  high  level  review 
teams  periodically,  NSF  organizations.  The  program  is  adminis- 
tered locally  by  a  steering  committee  made  up  of  working  scien- 
tists, university  administrators,  and  I  don't  know  what  the  freedom 
is,  the  decree  of  freedom— I  have  forgotten— to  use  that  money  for 
facilities,  hut  we  have  built  with  that  program  large  central  facili- 
ties. 

For  example,  there  is  a  so-called  millidegree  futility— very  lowest 
temperatures— for  doing  cryogenic  work  on  superconductivity.  A 
high  pressure  facility  where  people  have  now  made  solids  aid  are 
perhaps  on  the  verge  of  making  metallic  hydrogen,  which  will  pro- 
vide a  great  deal  of  understanding  about  some  of  the  fundamental 
structural  possibilities  for  new  materials. 

There  are  crystal  growing  facilities,  clean  rooms,  maximum 
cleanliness— these  have  all  been  built  out  of  that  block  grant  pro- 
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gram  with  local  decision.  There  is  an  opportunity  to  fund  young 
people  when  a  young  investigator  develops  new  ideas,  where  in 
some  of  the  conventional  funding  mechanisms  there  at  least  would 
be  a  long  delay,  and  perhaps  you  would  stand  no  chance  against 
the  established  investigators;  he  can  get  support  based  on  the  confi- 
dence of  his  local  peers. 

There  is  the  opportunity  to  support  established  investigators  who 
want  to  change  nolds,  who  have  a  new  idea.  It  has  been,  in  my 
opinion,  one  of  the  most  successful  federally-supported  programs— I 
don't  mean  at  Cornell,  but  the  whole  MRL  [Material  Research  Lab- 
oratories] around  the  country— and  I  applaud  that,  and  I  hope 
there  will  be  more  opportunities  to  go  that  direction  in  the  future. 
And  I  do  not  believe  the  program  has  been  abused  in  any  way  by 
this  system. 

Mr.  Fuqua.  Thank  you  very  much.  We  appr  late  that. 

Mr.  Brown.  Before  you  leave,  Dr.  Corson,  it  has  occurred  to  me 
from  time  to  time  that  one  of  the  reasons  for  the  excellence  of  our 
biological  research  and  our  leadership  in  this  area  and  our  general 
health  research  might  be  the  fact  that  wo  have  a  model  of  very 
close  cooperation  between  our  outstanding  hospitals  in  Jus  country 
and  our  outstanding  medical  schoob  frequently. 

I  know  you  can  think  of  many  example  of  this.  Massachusetts 
General  and  Harvard  and  others  to  the  point  where  over  the  last 
10  years,  or  20  years,  in  establishing  new  Federal  hospitals,  veter- 
ans hospitals,  for  example,  it  has  almost  become  a  requirement 
that  they  be  associated  with  a  medical  research  facility  at  a  medi- 
cal school,  or  something  cf  that  sort.  That  seems  to  have  been 
healthy,  ooth  in  terms  of  fundamental  research  in  biology  and 
medicine  and  in  improved  health  care  for  individuals.  We  are  talk- 
ing about  doing  something  like  this  in  the  nonbiological  sciences.  I 
am  wondering  if  we  shouldn't  conjeptualize  this  a  little  bit  more 
clearly  than  we  have. 

It  seems  to  me  that  what  we  have  seen  is  almost  an  accidental 
growth  in  this  kind  of  coupling  between  research  and  teaching  in- 
stitutions, and  that  perhaps  we  should  recognize  the  need  to  formu- 
late specific  policy  to  encourage  this  in  all  of  the  fields  of  science. 

We  are  looking  at  plant  biotechnology  today  as  being  a  neglected 
area.  Perhaps  one  of  the  reasons  for  that  is  that  we  don't  have  that 
kind  of  close  coupling  between  research  and  practice  in  the  plant 
field  that  we  have  had  in  the  human  field  and  that  we  need  to  en- 
courage it  there  as  well  in  physics  and  chemistry  and  engineering 
and  all  of  the  other  areas  that  we  are  talking  about. 

I  don't  know  how  this  could  be  brought  about,  but  it  seems  to  me 
that  this  is  the  line  of  thinking  that  we  are  pursuing  in  an  effort  to 
bridge  this  gap  that  seems  to  exist  here. 

Dr.  Corson.  Let  me  comment  a  little  bit  about  the  complexities 
of  doing  that. 

It  depends  on  the  nature  of  the  technology  at  hand  and  the 
degree  to  which  the  university  or  the  research  scientists  participate 
in  the  application  of  the  science  that  he  helps  develop.  In  medicine, 
whereas  you  point  out  the  medical  college  and  the  medical  college 
faculty  and  the  teaching  hospital  is  the  preeminent  place  vhere 
new  medical  technology  is  applied,  that  is  the  one  place  where  the 
people  who  are  doing  the  research  are  also  the  ones  who  are— the 
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applied  scientists  who  the  applied  science  tests— are  carried  out  in 
the  hospital  by  the  very  people  who  have  done  it  there.  They  are 
all  MD's  that  are  involved. 

If  you  go  to  the  other  extreme,  and  you  go  to  aeronautical  engi- 
neering, there  is  no  possibility  that  ^ie  university  can  become 
closely  involved  with  the  application  of  the  basic  science  at  hand. 
The  scale  is  simply  too  large  for  the  university  to  be  closely  linked. 
The  scale,  whatever  the  entire  price  is,  must  be  human  scale  to 
have  universities  directly  involved  with  facilities  on  campus.  To 
apply  high  velocity  gas  dynamics  in  rocket  development  is  not  fea- 
sible. The  scale  is  wrong. 

At  the  intermediate  range  are  some  of  the  plant  agricultural  ac- 
tivities, fpr  example,  in  plant  genetics  developing  new  seed  vari- 
eties, disease-resistant  seed  varieties.  These  are  developed  in  uni- 
versities and  in  university-related  experiment  stations  up  to  the 
point  where  samples  of  new  seed  in  sufficient  quantity  to  grow  a 
small  crop  to  carry  the  tests  through  that  implementation  stage 
before  the  seeds  are  turned  over  to  la  *ge  seed  companies  for  quan- 
tity production.  This  is  an  intermediate  situation  that  is  on  a  scale 
where  the  link  between  the  university  that  does  the  basic  science 
and  the  cpplicr  of  that  science  can  be  close  enough  to  make  it  prof- 
itable. 

I  think  we  have  to  look  at  the  technology  involved.  Some  of  it  is 
going  to  be  well  served  by  bringing  the  university  and  industry 
close  together  in  the  cooperative  venture  that  is  typified  in  a  medi- 
cal school  teaching  hospital  setting.  Others  of  it  are  going  to  be  on 
such  a  scale  that  it  is  impractical.  I  suspect  that  many  of  the 
things  that  we  are  talking  about  in  microelectronics  and  biotech- 
nology are  on  a  scale  that  make  the  cooperation  profitable. 

Mr.  Brown.  Well,  I  don't  want  to  question  the  validity  of  your 
point  there,  but  it  seems  to  me  that  the  scale  is  in  the  eye  of  the 
beholde-  There  has  been  for  <*0  years  a  close  working  relationship 
between  the  Caltech,  for  example,  and  Jet  Propulsion  Laboratory, 
which  has  done  a  lot  of  work  in  the  aircraft  propulsion,  aerody- 

tunics  and  so  forth,  as  well  as  being  the  foundation  of  the  space 
program.  I  am  not  sure  that  they  have  the  best  possible  coupling 
there,  but  they  do  have  a  coupling  which  is  important. 

Dr.  Corson.  Yes,  it  is  a  rather  loose  coupling. 

Mr.  Brown.  Yes,  but  

Dr.  Corson.  MIT  and  Lincoln  Laboratory.  MIT  and  Draper  Lab- 
oratories and  all  mi3sile  guidance. 

Mr.  Brown.  If  we  think  in  terms  of  institutional  changes  for 
both  the  universities  and  industrial  research  facilities,  we  might  be 
able  to  overcome  some  of  these  problems  of  scale  that  you  are  talk- 
ing about. 

Dr.  Corson.  I  think  that  we  must  address  those  problems  and 
face  up  to  the  troubles  and  find  ways  of  making  new  relationships 
work.  I  think  we  can. 

Mr.  Brown  [presiding].  Thank  you  very  much,  Dr.  Corson,  for 
your  very  helpful  testimony. 

Our  last  witness  this  morning  is  Dr.  Edward  Hollander,  chancel- 
lor, Department  *  Higher  Education  of  New  Jersey,  and  we  wel- 
come him  here  th*.  morning,  and  we  very  nuch  appreciate  your 
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being  able  to  be  here  on  I  understand  what  is  fairly  short  notice, 
Dr.  Hollander. 
Dr.  Hollander.  Yes,  sir. 

Mr.  Brown.  It  is  a  tribute  to  your  understanding  of  the  impor- 
tance of  the  subject  that  we  are  discussing,  and  we  are  very  grate- 
ful to  you. 

STATEMENT  OP  DR.  T.  EDWARD  HOLLANDER,  CHANCELLOR,  DE- 
PARTMENT OF  HIGHER  EDUCATION.  STATE  OP  NEW  JERSEY, 
TRENTON,  NJ 

Dr.  Hollander.  Thank  you  very  much.  I  have  given  you  two 
statements,  a  longer  statement  for  the  record,  and  then  a  shorter 
statement  which  I  would  like  to  present  directly  to  the  committee. 

Mr.  Brown.  The  full  statement  will  appear  in  the  record. 

Mr.  Hollander.  Thank  you. 

Higher  education  has  contributed  to  national  science  policy  by 
building  a  basic  research  capability  upon  an  intellectual  base 
rooted  in  the  liberal  western  tradition.  Future  progress  rests  upon 
stimulating  the  graduate  and  research  capabilities  of  America's 
universities  as  a  national  policy.  One  means  to  achieve  this  end  is 
a  new  collaboration  between  higher  education,  the  State,  the  Fed- 
eral Government,  and  industry. 

My  purpose  here  is  to  call  for  a  renewal  of  the  public  role  in  fur- 
therance of  science  education  at  all  levels,  in  furtherance  of  gradu- 
ate and  research  capabilities  in  the  sciences  and  applied  sciences 
and  in  the  stimulation  of  the  higher  education-industry  pailner- 
ship. 

Using  my  own  State,  New  Jersey,  as  illustration,  I  will  report  on 
how  one  State  has  responded  to  the  withering  away  of  national 
commitment  to  the  infrastructure  of  higher  education.  Subsequent- 
ly, I  shall  argue  f  >r  a  renewed  Federal  commitment  to  complement 
State  efforts. 

In  New  Jersey,  Governor  Kean  is  determined  to  make  higher 
education  more  entrepreneural.  While  protecting  institutional  base 
budgets  from  enrollment  ei  >sion,  he  has  proposed  funding  new  ini- 
tiatives on  a  challenge  grant  basis,  that  is,  requiring  that  public 
and  independent  institutions  compete  for  new  funds.  Additionally, 
the  Governor  has  secured  passage  of  a  $90  million  bond  issue  and 
has  directed  annual  appropriations  towards  economic  development 
through  support  of  basic  and  applied  research  at  New  Jersey  s  uni- 
versities. Still  further,  he  has  supported  financing  of  improvement 
in  science  and  mathematics  educatlc  .  at  all  levels  of  schooling  in 
the  State. 

A  longstanding  and  major  State  commitment  to  science  and  tech- 
nology is  New  Jersey's  support  of  the  intellectual  and  technological 
infrastructure  of  research  oriented  institutions.  For  example, 
a1  most  half  of  the  State's  total  appropriation  for  higher  education, 
or  $300  million  annually,  supports  the  State's  three  public  univerni- 
ties,  Rutgers,  the  University  of  Medicine  and  Dentistry  of  New 
Jersey,  and  the  New  Jersey  Institute  of  Technology.  These  funds 
include  support  for  research  facilities,  laboratories,  and  libraries. 
They  permit  reduced  faculty  teaching  loads  to  support  research, 
basic  and  applied.  Tliey  support  special  highly  paid  distinguished 
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research  scientists  and  humanities.  The  State  finances  the  gradu- 
ate programs  that  educate  the  Nation's  instructors  and  research 
scientists.  Private  funds  and  Federal  support  have  built  and  main- 
tamed  similar  efforts  at  Prince  con  University  and  Stevens  Institute 
of  Technology. 

The  poih*  is  that  this  Nation's  university-based  research  capacity 
has  been  built  and  is  maintained  in  large  measure  by  State  govern- 
ment. 

New  in  New  Jersey  this  year  is  Governor  Kean's  challenge  to 
New  Jerseys  higher  education  institutions  to  reach  for  national 
status  through  improved  quality.  The  State  is  helping  Rutgers  Uni- 
versity to  increase  its  operating  budget  by  $60  million  annually, 
over  a  3-year  period.  The  new  funds  will  strengthen  the  universi- 
ty* research  capability  by  financing  the  recruitment  of  wor?  J-class 
scholars,  young  faculty  members  and  graduate  assistants.  New 
funds  will  enhance  the  library  and  finance  computer  acquisitions. 
A  similar  program  has  been  established  for  the  State's  technologi- 
cal university,  the  New  Jersey  Institute  of  Technology. 

Complementary  challenge  grant  programs  have  been  established 
tor  all  of  the  State  s  teaching  institutions.  A  challenge  grant  fund 
of  up  to  $80  million,  over  3  years,  will  strengthen  the  nine  State 
colleges.  A  fund  that  could  reach  over  $25  million  is  dedicated  to 
providing  competitive  grants  *br  technological  equipment  acquisi- 
tions and  computer  applications  at  all  public  and  private  institu- 
tions. Over  $3  million  has  already  been  provided  to  retrain  primary 
and  secondary  school  teachers  of  mathematics  and  science.  New 
teacher  training  requirements  emphasize  liberal  education  with  a 
required  m^jor  in  a  field  of  study  in  the  sciences,  social  sciences,  or 
the  humanities.  Remedial  education  is  required  to  be  provided  to 
every  freshman  admitted  to  a  public  college  who  is  deficient  in 
verbal  or  mathematical  ability.  Competitive  challenge  grant  funds 
also  are  available  to  strengthen  education  in  the  humanities,  for- 
61  ™   .  f11^68'  global  education,  and  the  improvement  of  teaching. 

Ment-based  scholarships  for  undergraduates  and  State  graduate 
fellowships  tell  students  we  care  about  scholarship  and  intellectual 
development.  All  of  these  efforts  and  others  are  designed  to 
strengthen  quality  in  undergraduate  teaching,  with  emphasis  in 
science*  and  technology. 

These  efforts  art  complemented  by  the  new  funding  of  science 
and  technology  as  recommended  by  the  report  of  the  Commission 
on  Science  and  Technology. 

The  Commission,  after  an  18-month  study,  proposed  a  program 
f<U"  economic  development  using  the  State's  research  "  iversities. 
*er  review  teams  identify  fields  of  priority  development  in  the 
<ite  and  select  institutions  best  ablr  to  undertake  collaborative 
research  with  industry.  State  funding  *  contingent  upon  matching 
industry  funds  for  research  activity.  State  capital  funds  finance 
mtyor  research  centers  for  industry-academic  research  in  priority 
fields.  University-based  technical  extension  centers  disse  nnate 
state-of-the-art  development  throughout  the  industry.  Research 
grants  to  /acuity  and  institutions  stimulate  research  interest  and 
attract  faculty  to  areas  selected  for  priority  development  in  the 
State.  Funds  are  also  available  to  finance  new  facilities  for  new 
tecanology  programs  in  scientific  and  technological  fields. 
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Last  year  a  $*)0  million  bond  issue  was  passed  to  implement  the 
recommendations  of  the  Commission.  The  Commission  s  operating 
budget,  established  especially  to  stimulate  research,  is  $16  million 
for  the  1985-86  fiscal  year. 

What  has  been  accomplished  or  provided  for  thus  far? 

A  $24  million  Center  for  Advanced  Biotechnology  will  be  con- 
structed for  Rutgers  University  and  the  University  of  Medicine  and 
Denistry  of  New  Jersey.  Partial  capital  support  will  be  provided  to- 
wards Princeton  University's  $43  million  biotechnology  program. 
An  additional  $11  million  will  finance  construction  at  the  Waks- 
man  Institute  of  Rutgers  and  at  the  University  of  Medicine  and 
Denistry  of  New  Jersey. 

New  Jersey  Institute  of  Technology  will  house  a  new  Cooperative 
Research  Center  for  Hazardous  and  Toxic  Waste  Management.  The 
center  is  also  supported  hv  the  National  Science  Foundation.  Indus- 
trial company  members,  currently  12,  contribute  research  guidance 
and  $30,000  each  to  annual  operating  needs. 

A  Center  for  Ceramics  Research  has  been  established  at  Rutgers 
with  suppoit  from  the  National  Science  Foundation.  The  Center 
enjoys  over  $1  million  in  industrial  support  through  affiliate  fees  of 
$30,000  from  each  of  32  companies  Under  consideration  is  the  de- 
velopment of  a  second  wing  for  research  in  fiber  optic  materials 

Rutgers  University's  Cook  College  will  house  a  Center  for  Ad- 
vanced Food  Technology.  Food  processing  is  a  $6  billion  industry  in 
New  Jersey. 

The  Commission  also  has  made  grants  in  the  areas  of  telematics, 
surface  modification  technology,  and  computer-aided  manufactur- 
ing. New  areas  under  study  are  fisheries  development  and  aquacul- 
ture. 

New  Jersey  has  been  selected  as  a  national  site  for  a  supercom- 
puter facility.  Commission  funding  helped  s^ay  the  decision  New 
Jersey's  way.  The  State  funding  will  lend  the  supercomputer  to 
New  Jersey's  research  universities. 

Two  computer-integrated  facilities— one  in  South  Jersey  and  one 
in  Newark— will  be  established  jointly  by  NJIT  and  the  State's 
community  college.  The  centers  will  provide  research  and  training 
in  the  application  of  robotics  to  the  manufacturing  process. 

New  educational  and  training  programs  have  been  established 
throughout  the  State's  I  igher  education  system  in  such  fLIds  as 
laser  optics,  computer-aided  design,  software  development,  and  ro- 
botics. Industry  has  been  an  active  partner  in  program  develop- 
ment. 

New  Jersey's  efforts  are  ambitious  and  expensive.  We  believe 
that  a  stronger  higher  education  systems  serves  New  Jersey  s  resi- 
dents who  seek  collegiate  education  in  the  State's  institutions. 

We  believe,  too,  that  strengthening  the  higher  education  system's 
capacity  for  teaching  and  research  in  science  and  technology  con- 
tributes significantly  to  the  States  economy,  to  employment  and 
the  economic  well-being  of  all  of  our  residents.  Through  each  pro- 
gram in  the  Governor's  science  and  technology  efforts  and  the  col- 
lege grant  program,  New  Jersey's  research  institutions  are  better 
able  to  contribute  to  national  needs  and  n  .tional  goals  in  science 
and  technology. 
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New  Jersey  efforts  are  no  different  from  the  efforts  of  many 
States  across  the  Nation.  States  support  the  research  universities 
in  the  public  sector  and,  in  many  States,  in  the  private  sector  as 
well. 

Special  State  efforts  in  science  and  technology  are  also  common. 
Through  such  efforts,  States  finance  initiatives  that  are  also  prop- 
erly the  responsibility  of  the  Federal  Governmont. 

Where  is  the  Federal  Government  in  these  initiatives? 

Federal  financing  of  research  through  the  National  Science 
Foundation,  the  National  Endowments,  and  Federal  departments 
related  directly  to  applied  research  needs— Federal  efforts  in  these 
areas  have  been  adequate,  if  not  substantial. 

Even  so,  the  States  have  had  to  shoulder  at  least  two  burdens 
that  deserve  Federal  help  because  they  are  primarily  national 
rather  than  State  priorities. 

While  States  have  maintained  the  intellectual  and  technological 
infrastructure  for  graduate  education  in  the  sciences,  engineering 
and  related  technologies,  they  do  not,  should  not  and  cannot  fi- 
nance fellowship  for  students  who  enroll  in  such  studies. 

Doctoral  students  in  all  disciplines  serve  a  national  need;  they 
are  highly  mobile  individuals  who  often  leave  a  State  upon  comply 
tion  of  doctoral  studies.  This  support  in  doctoral  studies  clearly  a 
Federal  responsibility  and  not  a  State  responsibility.  The  Federal 
Government  has  been  derelict  in  this  area. 

National  graduate  fellowsnips,  awarded  competitively,  will 
assure  that  the  most  talented  young  people  will  pursue  careers  in 
basic  and  applied  research.  Now  many  of  the  best  students  are 
drawn  to  study  in  business,  law,  engineering  and  other  professions 
where  high  rewards  are  coupled  with  less  costly  academic  prepara- 
tion. 

Our  doctoral  urograms  in  science  and  engineering  eiyoy  heavy 
enrollments  of  foreign  students  who  constitute  a  majority  of  stu- 
dents at  our  public  institutions. 

Vlhere  is  the  next  generation  of  American  research  scientists? 
They  are  not  at  our  universities  in  sufficient  numbers  today. 

The  States  ouinot  afford  to  pay  for  all  of  the  costly  research  fa- 
cilities and  state-of-the-art  equipment  needed  in  today's  research 
and  Instructional  programs.  The  States  do  shoulder  a  large  share  of 
the  costs.  That  they  cannot  come  near  to  doing  the  whole  job  is  re- 
flected in  the  higher  dependence  on  obso'ete,  poorly  maintained 
and  inadequate  equipment. 

We  have  come  to  be  dependent  on  private  industry  for  donations 
of  obsolete  equipment.  The  States  need  Federal  help  to  maintain 
up-to-date  facilities  for  teaching  and  research. 

The  New  Jersey  unemployment  rate  is  6.2  percent,  below  the  na- 
tional average.  It  is  low  because  our  State  has  created  a  climate 
supportive  to  emergent  industries.  New  university/industry  re- 
search collaboration  can  spinoff  new  companies,  new  industries, 
new  jobs.  The  new  jobs  replace  those  lost  in  the  declining  blue- 
collar  industries. 

Our  unemployment  rate  of  6.2  percent  is  *->o  high.  In  part,  it  is 
so  .ligh  because  vacant  positions  go  begging  while  the  unemployed 
and  underemployed  are  not  qualified  to  fill  them. 
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^  We  are  determined  to  keep  the  economy  growing  by  stimulating 

* ,  applied  research  and  entrepreneurship.  We  are  equally  determined 

]7  to  keep  the  economy  growing  by  improved  technological  literacy 

5 ,  among  all  ix>tential  employees  in  all  of  the  States,  urban  as  well  a3 

i*  surburban  communities. 

>  We  want  a  renewed  Federal  effort  in  support  of  basic  research  to 

;i  complement  the  new  State  initiatives, 

r  Thank  you  very  much. 

*  [The  prepared  statement  of  Dr.  Hollander  follows:] 
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Higner  education  nas  contributed  to  national  science  policy  by 
ouilding  a  basic  research  capaoility  upon  an  intellectual  base  rooted 
in  the  liberal  western  tradition.    Fut.     progress  rests  upon 
stimulating  the  graduate  ond  research  capabilities  ol  America's 
universities  as  a  national  policy,   One  means  to  ucnieve  tnis  end  is  a 
new  collaboration  between  higher  education,  the  stote,  the  federal 
government  and  industry. 

My  purpose  here  is  to  call  for  a  renewal  of  fie  public  role  in 
furtherance  of  science  education  at  all  Lvels,  in  furtherance 
graduate  and  research  capabilities  in  tne  sciences  and  applied 
sciences  and  in  the  stimulation  of  the  higher  education-industry 
partnership. 

Using  my  own  state,  Hew  Jersey,  as  illustration,  I  will  report 
on  how  one  state  has  responded  to  the  withering  away  of  national 
cofiDitment  to  the  infrastructure  of  higher  education.  Subsequently,  I 
shall  argue  for  a  renewed  federal  cofimitment  to  complement  state 
efforts, 

In  New  Jersey,  Governor  Ke-n  is  determined  to  make  higher 
education  more  entrepreneur^ .    While  protecting  institutional  base 
budgets  from  enrollment  erosion,  he  has  proposed  funding  new 
initiatives  on  a  "challenge  grant"  basis,  that  is,  requiring  that 
public  and  independent  institutions  compete  for  new  funds. 
Additionally,  the  governor  has  secured  passage  of  a  $90  million  t/md 
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issue  and  has  airected  annual  appropriations  rewards  economic 
development  through  support  of  basic  and  applied  research  at  !lew 
Jersey's  universities.   Still  further/  he  has  supported  financing  of 
improvement  in  science  and  matnematics  education  at  all  levels  of 
schooling  in  the  state. 

A  long-standin*  and  major  state  canitment  to  science  and 
technology  is  flew  Jersey's  support  of  tne    "intellectual  and 
technologiral"  infrastructure  of  research  oriented  instititutions. 
For  example,  almost  half  of  the  state's  total  appropriation  for  higner 


education,  or  $300  million  annually/  supports  the  state's  three  public 
universities,  Rutgers,  the  University  of  Medicine  and  Dentistry  of  New 
Jersey  and  the  New  Jersey  Institute  of  Technology.    These  funds 
include  support  for  research  facilities,  laboratories  and  libraries. 
They  permit  reduced  faculty  teaching  loads  to  support  research,  besic 
and  applied.   They  support  special  highly  paid  distinguished  research 
scientists  and  humanists,   "ihe  state  finances  tie  graduate  programs 
that  educate  the  nation's  instructors  and  research  scientists. 
Private  funds  have  built  and  maintained  similar  efforts  at  Princeton 
University  and  Stevens  Institute  of  Technology. 

The  point  is  that  tnis  nation's  university  based  research 
capacity  has  *2zen  ouilt  and  >s  maintained  in  large  measure  by  state 
government. 
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?Jew  in  'lev/  Jersey  Mis  year  is  Governor  Kean's  challenge  to  New 
Jersey's  higher  education  institutions  to  reach  for  national  status 
through  improved  quality.  The  state  is  helping  Rutgers  University  to 
increase  its  operating  budget  by  $50  mil  ion  annually  (over  a 
tnree-yejr  period).   The  new  funds  will  sr  engthen  the  University's 
research  capability  by  financing   the  recruitment  of  world-class 
scholars,  young  faculty  members,  and  graduate  assistants,   flew  funds 
will  enhance  the  library  and  finance  computer  acquisitions.  A  similar 
program  has  aeen  estaDlisned  far  tne  state's  technological  university, 
the  New  Jersey  Institute  af  Technology. 

Coaplsmentary  "challenge  grant"  programs  hove  been  established 
for  all  of  the  state's  teaching  institutions.   A  challenge  grant  fund 
of  up  to  $30  million  (aver  three  years)  will  strengthen  the  nine  state 
colleges.   A  fund  that  could  reach  aver  ST5  million  is  dedicated  to 
providing  competitive  grants  far  technological  equipment  acquisitions 
and  computer  applications  at  all  public  and  private  institutions. 
Over  three  million  dollars  has  already  been  provided  to  retrain 
primary  and  secondary  school  teachers  of  mathematics  and  science,  New 
teacher  training  requirmcnts  emphasize  liberal  education  with  a 
required  major  in  a  lield  of  study  in  the  sciences,  social  sciences  or 
the  humanities.    Remedial  education  is  required  to  be  provided  to 
every  freshman  aunitted  to  a  puolic  college  who  is  deficient  in  verbal 
or  mathei,Kitical  ability.   Competitive  challenge  grant  funds  also  are 
available  to  strengthen  education  in  the  humanities,  foreign 
languages,  global  education,  and  the  1  movement  of  teaching. 


neri:-.:ased  scholarships  for  undergraduates  und  state  graduate 
fell:w3'i:ps  tell  students  we  cere  about  scholarship  and  lntellectjjl 
development,    All  of  tnese  efforts  and  others  are  designed  to 
strengtnen  Quality  in  undergraduate  teaching,    with  emphasis  in 
science  and  technology. 

These  efforts  are  compleranted  by  the  new  funding  of  science 
and  technology  as  recommended  by  the  report  of  the  Corossion  or 
Science  and  Tetfnology,   Established  by  Executive  Order  in  1332  on  ny 
recaroendation  and  the  recommendation  of  several  college  presidents* 
the  Commission  proposed  a  program  af  economic  development  through  new 
partnerships  between  graduate  research  institutions, 

The  Comnissiun,  after  an  eighteen  month  study,  proposed  a 
program  for  economic  development  using  the  state's  research 
universities.    Peer  review  teams  identify  fields  af  priority 
development  in  tne  state  and  select  institutions  best  able  to 
undertake  collaborative  research  with  Industry,    State  funding  is 
contingent  upon  matching  industry  funds  for  research  activity.  State 
capital  funds  finance  major  reseach  centers  for  industry-academic 
research  in  priority  fields.    University-based  technical  extension 
centers  disseminate  state-of-the-art  development  throughout  the 
industry.    Research  grants  to  faculty  and  institutions  stimulate 
research  interest  and  attract  faulty  to  areas  selected  for  priority 
development  in  the  state.   Funds  are  also  available  ta  finance  new 
facilities  for  new  teaching  programs  in  scientific  and  technological 
fields, 
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Last  year  u  $90  million  co^d  issue  was  passed  to  Iroiaaent  tie 
recc^nendJtions  of  tne  Commission.   The  Coanission's  operating  buJsn 
establisned  especiolly  to  stimulote  reseoru  is  $15  mllion  for  the 
1985-35  fiscol  year.   Wnot  hos  been  accomplished  or  provided  for  thus 
for? 

—  A  $24  million  Center  for  Advonced  Biotechnology  will  be 
constructed  for  Rutgers  University  ond  tne  University  of 
tedicine  ond  Dentistry  of  New  Jersey.    Pcrtiol  copital 
support  will  be  provided  towards  Princeton  University's  $43 
million  biotechnology  program.    An  odditicnol  $11  million 
will  finance  construction  ot  the  Waksman  Institute  of 
Rutgers  ond  ot  the  University  of  Medicine  ond  Dentistry  of 
ilerf  Jersey. 

—  New  Jersey  Institute  of  Technology  will  ncuse  o  new 
Cooperotive  Research  Center  for  Hozar.ous  ond  Toxic  Waste 
Monogement.   The  center  is  olso  supported  by  tne  Notlonol 
Science  Foundation.    Industriol  company  meters,  currently 
12,  contribute  reseorch  guidonce  ond  $30,000  eoch  to  onnuol 
operoting  needs. 

—  A  Center  for  Ceramics  Reseorch  has  been  established  ot 
Rutgers  witt  support  from  tne  Notionol  Science  Foundation. 
Tne  center  enjoys  over  one  million  dollars  in  indusuiol 
support  tnropgh  offiliote  fees  of  $30,000  from  eacn  of  32 
companies.    Under  consideration  is  tne  develoorent  of  o 
second  wing  for  reseoch  in  fiber  optic  matenols. 
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--Rutgers  University's  Cook  College  will  iojse  a  Center  for 
Advanced  Food  Technology.  Food  processing  is  a  $5  Dili  ion 
industry  In  :iew  Jersey, 

—  Tne  Commission  also  has  mode  grants  in  tne  areas  of 
telenwtics,  surface  modification  technology,  and  coccuter 
aided  manufacturing.    New  areas  under  study  are  fisher^s 
development  and  oquaculture. 

—  Ilew  Jersey  has  been  selected  as  a  notional  sits  for  a 
supercomputer  facility,   Commission  funding  neiped  sway  the 
decision  Hew  Jersey's  way.   The  state  funding  will  lend  the 
supercomputer  to  New  Jersey's  research  universities. 

—  Two  computer  integrated  facilities— one  in  Sautn  Jersey  and 
one  in  Newark-will  be  established  Jointly  by  NJIT  and  the 
state's  community  colleges.    The  centers  will  provide 
research  and  training  In  the  coplication  of  robotics  to  the 
manufacturing  processes. 

—  New  educational  and  training  programs  have  been  established 
throughout  the  state's  higher  education  system  in  such 
fields  as  laser  optics,  computer  aided  design,  software 
development  and  robotics.    Industry  has  been  on  active 
partner  in  program  development. 

New  Jersey's  efforts  are  ambitious  and  expensive.   He  believe 
tnat  a  strong  higher  education  system  serves  hew  Jersey's  residents 
who  seek  collegiate  education  in  the  stote's  institutions.  We 
believe,  too,  that  strengthening  the  higner  education  systems  copacity 
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for  teaching  ond  research  in  science  and  technology  contnojtes 
significantly  to  the  state's  economy*  to  employment  and  tie  economic 
well-being  of  *3 1 1  of  our  residents.   Through  each  progran  in  tne 
Governor's  science  ond  technology  tf'tfts  and  tne  challenge  grant 
program/  tiew  Jersey's  research  institutions  are  better  ajle  to 
contribute  to  national  needs  and  notional  goals  in  science  nnd 
technology. 

Hew  jVsey  efforts  ore  no  different  from  tne  efforts  of  many 
states  ocross  tne  nation.   States  support  the  research  universities  in 
the  puDlic  sector  and,  in  many  state*,  in  tne  private  sector  as  well. 
Special  state  efforts  in  science  ard  technology  are  also  common. 
Tnrough  such  efforts,  states  finatce  initiatives  that  are  also 
properly  tne  responsioility  of  th?,  federal  government. 

Itoere  in  the  federal  government  are  tnese  initiatives?  Federal 
financing  of  research  through  the  National  Science  Foundation,  the 
National  Endowments,  ond  federal  departments  related  directly  to 
applied  research  needs.   Federal  efforts  in  these  areas  have  Deen 
odeouate,  if  not  substantial.    Even  so,  tnt  states  have  had  ta 
shoulder  at  least  two  Durdens  that  deserve  federal  nelp  oecause  they 
are  primarily  national  ratner  than  state  priorities. 


Unile  states  have  maintained   the  "intellectual  and 
technological"  infrastructure  for  graduate  education  in  the  sciences, 
engineering  ond  related  technologies,  they  do  not,  should  not  and 
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cannot  finance  fellowship  for  students  \u\o  enroll  in  such  studies. 
Doctoral  stdGents  i*i  all  disciplines  serve  a  national  need;  tney  are 
.tignly  noDile  inaividuals  who  often  leave  a  state  upon  complst ion  of 
doctoral  studies.   This  support  in  doctoral  studies  clearly  is  a 
federal  responsibility  and  not  c  state  responsibility.   The  federal 
goverrcnent  has  been  derelict  in  this  area.    National  graduote 
fellowships,  awarded  competitively  will  assure  that  the  most  talented 
young  people  will  pursue  careers  in  oasic  and  opplisa  researcn.  Now 
many  of  the  best  students  are  drawn  to  study  in  business,  law/ 
engineering  and  other  professions  where  high  rewards  are  coupled  witn 
less  costly  academic  preparation.   Our  doctoral  programs  in  science 
and  engineering  enjoy  heavy  enrollments  of  foreign  students  who 
constitute  a  majority  of  students  at  our  puolic  institutions.  Unerc 
is  tne  next  generation  of  American  research  scientists?  They  ere  not 
at  our  universities  in  sufficient  numbers  today. 

The  states  cannot  afford  to  pay  for  all  of  the  costly  research 
facilities  and  state-of-the-art  eauipoent  needed  in  today's  research 
and  instructional  programs.  The  states  do  shoulder  a  large  share  of 
the  costs.  That  they  cannot  come  near  to  doing  the  whole  job  is 
reflected  in  the  higher  dependence  on  obsolete,  poorly  maintained  and 
inadequate  equipment.  \b  have  corns  to  oe  dependent  an  p'Wate 
industry  for  donations  of  obsolete  equipment.  Lie  states  need  fecial 
help  to  maintain  up-to-date  facMities  for  teaching  and  research. 


97 


90 


The  'lew  Jersey  uneroloynent  rote  is  6.2%*  oelow  tiie  national 
average,   It  is  bu  because  our  state  has  created  a  climate  supportive 
to   emergent    industries.     How  university-industry  researcn 
collaboration  can  spin-off  new  companies,  new  industries,  new  jobs. 
The  new  jobs  replace  tnose  lost  in  the  declining  alue-collar 
industries. 

Our  unemployment  rote  of  6.22  is  too  nign.   In  part,  it  is  so 
high  because  vacant  positions  go  begging  while  the  uneroloyed  and 
underemployed  ore  not  qualified  to  fill  then. 

We  are  determined  both  to  keep  the  economy  growing  by 
stimulating  applied  research  and  entrepreneurs'^.   We  are  eaually 
determined  to  keep  the  economy  growing  by  improvea  technological 
literacy  among  all  potential  employees  In  all  of  the  states,  urban  as 
well  as  suburban  ccmunities.   He  want  a  renewed  federal  effort  in 
support  of  basic  research  to  complement  the  new  state  initiatives, 
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_^t»-*chnent  -  y 


Test inonv 


Dr.  ?.  Edward  Hollander 
Chancellor  of  Higher  ♦  ducat icn 
State  of  *Cew  Jersey 


'Jni t^d  States  Congress 
*:a3  ungton,  T .  ?. 
tay  21,  1935 


report  to  the  U.S.  House  of  Representatives  Suo-rommittee 
on  Science  and  Technology  ?olic 
(Appendix  to  Oral  Statement) 


Our  nation  and  most  of  the  developed  world  are  undergoing  a 
fundamenta1  transition  fron  industrial  economies  to  information/ 
knowledge-based  economies.    Tt  is  a  transition  as  profoundly  altering  as 
the  Great  Depression  of  the  1930s,  when  the  United  States  emerge*]  f jII/ 
from  its  agricultural  past  to  it3  industrial  nresent.    Whether  we  call 
it  a  'negatrend,"  to  use  John  Naicbitt's  popular  word,  or  the  core 
conventional  phrase  of  economists,  that  of  "structural  ciange,-  it  is 
real;  it  is  here  now,  a*,d  it  is  no  longer  an  idea  to  be  planned  for  tie 
future. 

Change  will  result  in  shifts:  from  new  manufactured  prodjets  to  new 
services;  from  a  workforce  which  was  predominantly  blue  collar  to  one 
that  is  white  collar;  and  fr^n  heavy,  rigid  technologies  to  automated, 
flexible  technologies.    The  most  obvious  example  of  the  latter  is  tie 
powerful  new  generation  of  microcomputers,  which  are  highly  portable  and 
adaptable  to  tomorrow's  software  developments.    Por  individuals,  the 
shift  will  be  frora  an  emphasis  on  manual  dexterity  —  or  running  a 
machine-to  cognitive  skill  —  understanding  a  technology.    Each  change 
underscores  a  basic  characteristic  of  our  knowledge-based  society. 

These  changes  promise  a  new  ani  vital  role  for  higher  education. 
It  is  in  the  higher  education  classroom  and  laboratory  —  at  our 
two-year  and  four-year  colleges  and  jniversities  —  that  training  for 
entry-level  jobs  will  occur.    Educator*  must  employ  greater  rigor  in 
determining  what  our  students 

—  20  nillion  students  each  year  —  study  and  learn.    As  we  ensure  the 
development  of  "conputer  literacy,"  along  with  other  forms  of  technical 
traimia,  we  must  also  cultivate  older,  more  basic  literacies  essent  .al 
to  educated  men  and  women. 

At  the  sane  time,  those  *whc  hire  the  graduates  of  higher  education 

—  business  and  industry  —  nust  seek  and  be  encouraged  to  collaborate 
in  the  development  of  instructional  needs  and  personnel  exchanges.  The 
relationship  between  thpse    wo  sectors,  higher  education  and  industry, 
is  no  longer  sequential;  it  will  become  increasingly  interactive  and 
lifelong.    Programs  of  cu^      i2ed  training,  which  represent  a  successful 
collaboration  of  industry  a.     community  colleges,  are  but  one  »".»"?lz  of 
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trus  interaction.    There  is  a  need  for  cor-.miing  education  to  corchat 
obsolescence  in  the  face  of  changing  knowledge.     Signer  Education  »ns 
n:r-  -.o  learn  —  and  offer  in  return  —  fr-sn  t*e  e/-*riences  of 
corporate  trailing  prognr.s  in  this  area,  ath  their  effective  use  of 
telecojrses  and  videoco doling. 

?o  ignore  this  c.nall^nge  to  both  partners  is  to  risk  a  greater 
consequence  to  our  society  —  to  enter  the  1990s,  „-,en  laoor  onortages 
*r*  predicted,  vith  vast  numbers  of  our  countrymen  u.nenployed, 
underenployed,  or,  worse  still,  unemployable. 

It  is  my  purpose  to  call  for  a  renewal  of  the  public  role  as  part 
of  txese  partnerships.    Governments,  both  federal  and  state,  are  kidding 
themselves  if  they  expect  business  and  industry  to  support,  in  any 
meaningful  way,  the  costs  of  basic  scientific  research  and  instruction. 

Beyond  this  recognition,  it  is  essential  to  make  a  further 
distinction  between  the  province  of  the  states  and  the  federal 
governnent  in  the  development  of  national  science  and  technology 
policies.    It  is  both  unfair  and  unrealistic  to  expect  individual  states 
to  s\oulder  the  burden  of  the  nation,  if  the  federal  government  proooses 
to  retreat  from  its  traditional  responsibilities.    Vhis  is  especially 
true  in  the  sponsorship  of  basic  research,  where  the  budgets  of  the 
National  Science  ?oundi»tion,  the  National  Institutes  of  Health,  and  the 
mission  agencies  must  be  advanced  beyond  maintenance  levels.    Only  the 
federal  government  can  command  the  resources  necessary  to  supoort 
effectively  basic  research.    Despite  the  exigencies  of  the  deficit,  if 
the  federal  governnent  pursues  policies  of  under-funding  higher 
education  and  research,  I  doubt  that  the  new  partnership  between  h-.gher 
education  and  industry  will  reach  its  full  potential  --"and  tr.e 
difference  will  not  be  trivial. 

By  the  same  token,  we  should  not  exenpt  state  governments  fron  this 
support  problem.    My  report  is  offered  as  a  representative  of  one  of  the 
nation*s  largest  state  systems  of  higher  education.    I  bell  ve  that, 
during  the  first  four  years  of  the  current  national  administration,  the 
states,  and  in  particular  Hew  Jersey  (the  state  I  know  best),  have 
responded  well  to  the  changing  locus  of  higher  educstion  support.  \ie 
are  providing  the  support  for  what  I  would  call  the  •intellectual  and 
technological  infrastructure.*    This  represents  funding  for  the 
financing  of  the  facilities  and  the  equipment  for  research  and 
instruction,  as  well  as  the  salaries  for* top-flight  faculty  and 
technical  personnel- 
Using  my  own  state,  Hew  Jersey,  as  my  illustration,  :  ~o?e  to 
portray  the  magnitude  of  this  support.    ?his  funding  is  occurring  both 
through  the  on-going  and  expanded  efforts  of  the  Me^  Jersey  Department 
of  Higher  Education  and  through  a  special  science  and  technology 
initMtive  of  our  Governor,  which  recently  became  a  permanent  Commission 
on  Science  and  Technology.    I  shall  describe  both  sources.    I  also 
intend  to  offer  some  general  observations  on  the  role  of  the  states  in 
science  and  technology,  expanding  on  my  previous  nomt  about  <*hat  the 
states  can  and  cannot  do.  : 
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The  State  appropriation  for  higher  education  s.pport  in  *:ew  Jersey 
is  approachinc  S650  mil". on,  for  the  corin«j  fi::il  .  *ar.    Of  -his 
anount,  nearl/  50%, or  5298,316,000,  is  appropriated  to  suoport  New 
Jersey's  three  piblit  doctoral-level  institutions  o;  higher  education 
(i.e.,  Rutgers  'Jniversity,  !?ew  jersey  Institute  cf  Tec  .melody,  and  the 
University  of  Medicine  and  Dentistry  of  New  Jersey).    These  amounts 
constitute  base  support.    The  Departnent  recei.es  anotner  340  million 
for  debt  service,  to  reet  the  c  -iital  construction  costs  of  higher 
education  facilities.    These  construction  obligations  are  distinct  from 
the  S90  million  science  and  technology  bond  which  tr.e  voters  of  New 
Jersey  overwhelmingly  approved,  in  November  1984,  for  the  construction 
of  new  research  laboratories  nnd  centers  and  instructional  facilities. 

Beyond  these  base  level  and  construction  obligations,  the  Governor 
has  recoaaenaed  special  i-nitiatives  for  both  instructional  and  research 
improvements  in  higher  education.    These  initiatives  include, an  S3 
million  'challenge  grant  for  excellence"  to  Rutgers  "Jni  ersity,  to  be 
expended  as  follows: 


(1)  tforld  -  class  scholars     $1,200,000 

(2)  Junior  faculty    989,000 

(3)  Gra^,  ate  assi3tantships     744,000 

(4)  Faculty  support.      2,267,000 

(5)  Libraries   500,000 

(6)  Conputer<5    1,300,000 

(7)  Academic  facilities   1,000,000 


S8,0C0,000 

The  New  Jersey  Institute  of  Technology  will  receive  S3. 7  million 
for  similar  purposes,  broken  down  as  follows: 


(1)  Instructional  equipment  S3, 000, 000 

(2)  Faculty  chairs     600,000 

(3)  Computer  networking   100,000 

S3, 700, 000 

With  a  "technology  and  computers  fund"  of  nearly  57.6  nillion,  the 
Department  of  Higher  Education  will  undertake  programs  to  modernize 
scientific  and  engineering  equipment,  facilities  and  curricula,  and  to 
integrate  computers  into  the  college  curriculu-.     in  aidition,  programs 
will  upgrade  the  technical  knowledge  and  skills  of  teachers  ard  college 
faculty  contribute  to  the  technological  literacy  of  all  Mew  jersey 
citizens. 
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Technical/engineering  ecjcatior  cra-is  $2,873,000 


(2) 


South  Jersey  Regional  c:*!  Center 


300,000 


•'.atVscience/computer  science  t2a:*:ag 
initiative  


1,000,000 


Comouters  in  curriciU 


2,919,000 


(5) 


Information-age  initiative. 


500,000 
$7,592,000 


These  several  initiatives  combine  to  forr.  a  major  instructional 
improvement  program  in  New  Jersey,  with  primary  emphasis  on  science. and 
technology.    Improvements  in  research  are  being  stnulated  by  the 
Commission  on  Science  and  Technology,  especially  /-ere  these  efforts 
support  :iew  Jersey's  high  technology  economic  development  strategy. 

The  Governor's  Commission  on  Science  and  Technology  was  established 
by  Executive  Order  in  July  1982,  to  create  a  blueprint  and  action  plan 
for  the  economic  development  of  New  Jersey,  in  a  post-sraof-estack 
industrial  era.    This  program  of  economic  development  emphasizes  thi 
applications  of  science  and  technology,  through  new  partnerships  between 
graduate  research  academic  institutions  and  industry. 

The  Commission  has  identified  the  components  of  a  technology 
development  strategy  that  builds  on  Hew  Jersey's  industrial  ind  academic 
strengths.    The  strategy  requires  that  we  make  investments  in  ideas, 
enterorise  and  people.    It  also  requires  coordinated  efforts  oy  ooth 
public  and  private  sectors.    Penally,  it  requires  a  long-term  conmitroent. 

One  of  the  Commission's  most  important  recommendations  is  that  the, 
infrastructure  for  New  Jersey* s  science  and  technology    initiative  — 
the  laboratories  and  research  centers  —  be  provided  through  a  major 
capital  improvement  program.    These  improvements  will  be  accelerated  now 
that  the  voters  have  approved  the  referendum  for  the  S90  million  "Jobs, 
Science  and  Technology  Bond.-    Details  on  this  bond  issue  are  provided 
in  a  later  section  of  this  report. 

The  Commission's  funding  programs  enohasize  tve  technology  fields 
that  have  been  designated  as  •priority*  (materials  science, 
biotechnology,  hazardous  substance  managenent,  food  technology,  and 
telematics)  for  New  Jersey's  development  program.    Moreover,  these 
grants  have  been  received,  in  the  nam,  by  those  institutions  housing 
Advanced  Technology  Centers  in  these  priority  fielcs  or,  in  the  case  of 
Stevens  Institute  of  Tfcv^nology,  a  Technology  Sxtersion  Center  in 
polymer  processing. 

The  program  expenditures  of  the  Commission  for  the  current  fiscal 
year  (FY  1985)  amount  tc  mo.e  than  S9  -illion,  w-icn  provide  operational 
funding  for  the  Centers  and  new  categories  of  support,  such 
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as  Innovation  Partnerships  (matching  research  grants  for  selected 
scientific  and  pngineering  projects).    In  addition  to  broader  ranges  of 
support,  t*is  appropriation  continues  to  Cund  the  priority  tecnnolcgy 
fielcs  ar.d  add  start-up  support  in  second-stage  fields,  such  as 
Materials  handling  and  fisheries  development. 

Twe  Science  and  Technology  Budget  for  ?Y  1986  requests  funds 
totatl.ng  316  million  *or  new  and  on-going  programs  and  administrative 
expenses. 

"*hese  allocations  are  commensurate  with  the  levels  of  funding 
recommended  by  the  expert  peer  review  panels  vhich  the  Commission 
engaged  to  evaluate  the  relative  strengths  of  New  Jersey's  science  and 
technology  initiatives.    Especially  significant  is  the  funding  for  new 
areas  of  science  and  technology  research.    Such  funds  are  vital  to  the 
Commission's  plan  of  diversifying  high  technology  opportunities  for  the 
state. 

There  are  several  sources  of  non-State  revenue  ahich  will 
strengthen  the  research  programs  of  New  Jersey's  higher  education 
institutions,  principally  as  a  consequence  of  the  Commission's  matching 
grant  requirements  as  applied  to  appropriated  funds.    The  most 
significant  sources  are  from  the  federal  government  and  industry. 

The  Commission's  matching  guidelines  currently  require  that  each 
State-funded  dollar  for  "research  and  operating"  support,  of  New  Jersey's 
high  technology  initiative  be  equally  matched  from  non-State  sources 
(generally,  industry  and  the  federal  government).    Under  the  category  of 
"cipital  equipnment,"  with  the  understanding  that  corporate  giving 
patterns  have  proven  to  be  much  more  conservative,  the  Commission  is 
requiring  that  one-third  of  the  total  cost  be  represented  by  matching 
funds  from  non-State  sources. 

The  Commission  currently  projects  industrial  and  federal  matching 
funds  to  reach  $23  million,  in  FY  1986.    The  attainment  of  this 
multiplier  effect  on  appropriations  is  an  important  measurement  of  the 
payback  of  New  Jersey's  investment  in  science  and  technology 
develops  nt,  as  one  important  aspect  of  the  Slate's  overall  program  of 
economic  development  and  new  revenue  generation. 

PY  1986  will  see  the  initiation  of  several  important  new  programs 
by  the  Commission*    Among  these  new  programs  is  the  establishment  of  a 
nationally-based  advanced  scientific  supercomputer  center  in  Hew  Jersey; 
a  research  center  to  investigate  fiber  optical  materials;  an 
industrially  co-sponsored  plastics  recycling  research  program;  and  a 
private  industry  challenge  grant  organized  by  the  American  Electronics 
Association,  with  the  anticipation  of  State  matching,  to  f-nd  giaduate 
education,  faculty  development,  and  instructional  equipment  in 
electrical  engineering  and  computer  science. 
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Tnese  and  other  initiatives  will  oe  overseen  by  a  permanent  New 
Jersey  Coriic3ion  on  Science  and  ?ecnnoloc/,  s.gnec  into  la*  on  April  >, 
1535,  replacing  the  temporary  Governor* 3  Commission. 

A3  I  .ndicated  earlier,  the  tecnnolosy  infrastructure  for  Tiany  of 
these  projects  will  occur  through  the  S90  million  " Joos,  Science  and 
Technology  Bond.*    These  improvements  fill  proceed  according  to  the 
following  seneral  expenditjrs  plan: 

A.      Advanced  Technology  Centers 

Major  construction  projects  are  proposed  on  sites  at  or  near  New 
Jersey's  graduate  research  institutions  of  higner  education. 
Construction,  which  could  include  the  acquisition  of  real  property, 
principally  would  occur  at  Rutgers,  the  New  Jersey  Institute  of 
Technology  (:UIT),  and  the  University  of  ::edic.ie  and  Dentistry  of  New 
Jersey  (UKD»IJ),  although  some  capital  improvements  night  qaalify  at 
private  higher  education  institutions  such  as,  Stevens  Institute  ot 
Technology  and  Princeton.    (For  planning  purposes,  a  construction  cost 
of  S200,  per  square  foot,  has  been  used  to  arrwe  at  these  budget 
estimates.) 

(1)    Biotechnology.    The  Advanced  Technology  Center  for 
Biotechnology,  for  rfhich  the  most  significant  capital 
improvements  were  recommended  by  the  Commission  on  Science  and 
Technology,  actually  refers  to  five  interrelated  projects, 
which  together  total  S40  million.    The  core  facility,  to  be 
known  as  the  Tlew  Jersey  Center  for  Advanced  Biotechnology  and 
Medicine,  would  be  new  construction  located  on  the  adjoining 
campuses  of  Rutgers  and  UMDNJ  in  Piscataway.    It  is  here  that 
the  major  research  projects  of  Rutgers  and  UKDttJ  jointly  would 
b*  conducted  and  where  senior  staff,  including  the  director, 
at<d  technical  support  would  be  housed.    The  capital  cost  of 
this  project  are  523,600,000. 

This  core  facility  would  be  backed-up  by  three  satellite 
facilities,  all  withi»*  close  proximity  to  the  new  Center. 
First,  a  fermentation  and  biomaterials  separation  facility 
would  be  added  to  the  current  Maksman  Institute  for  Molecular 
Biology,  at  a  total  capital  cost  of  S4  million.    Second,  the 
clinical  research  facility  for  the  Center  would  be  housed  at 
the  Middlesex  General-UniVersity  Hospital,  in  Mew  Brunswick, 
where  renovations  are  proposed  at  54.6  million.  Third, 
existing  laboratories  at  both  Rutgers  and  UHDltf  would  be 
integrated  into  the  research  complex  of  the  core  facility, 
rfitn  building  modification  and  new  equipment  costs  targeted  at 
S3  -aillion. 

Finally,  the  ScU.tce  and  Technology  Commission  has 
recommended,  and  the  presidents  of  both  Rutgers  and  UMDNJ  also 
have  called  for,  a  contribution  of  SS  million  to  the  capital 
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facilities  in  molecular  biology,  proposed  for  construction  at 
Princeton.    Thi3  amount  represents  only  a  3nall  portion  of  tne 
346  million  investment  Princeton  is  .takinr  in  solecjlar 
biology,  but  It  would  signify  a  genuine  endorsement  by  New 
Jersey  of  the  new  spirit  of  cooperation  in  this  fieLi,  among 
Rutgers,  UHDNJ,  and  Princeton,  and  help  to  drav  these  three 
institutions  closer  together  for  combined  research. 
Developing  a  world-class  center  in  biotechriolocy  in  Mew 
Jersey,  with  all  its  component  parts,  requir-ss  serious 
attention  to  the  advantages  of  this  three-way  relationship. 

Hazardous  and  Toxic  Substance  Management.    Although  without  a 
central  facility,  the  Cooperative  Research  Center  for 
Hazardous  and  Toxic  Haste  began  its  research  activities  in 
1984..  The  Center  is  supported  by  the  Commission,  the  National 
Science  Foundation,  and  industrial  company  members  (currently 
twelve),  each  contributing  research  guidance  end  an  annual  fee 
of  S30,000  toward  research  sponsorship. 

?he  research, and  public  policy  programs  of  the  Center,  which 
will  emphasize  such  areas  as  incineration,  biological  and 
chemical  treatment,  and  physical  treatment,  will  be  assets  to 
both  New  Jersey  and  the  nation.    They  will  bring 
university-level  research  to  bear  on  such  problems  as  toxic 
waste  clean-up,  as  well  as  apply  these  fundings  to  such 
economic  growth  areas  as  resource  recovery. 

The  Center  will  receive  a  core  facility,  both  to  meet  this 
potential  and  to  draw  together  the  five  graduate  institutions 
of  higher  education  —  led  by  NJIT  —  that  nave  formed  the 
research  consortium  to  do  the  work.    The  Commission  has 
recommended  that  $7  million  of  the  bond  issue  be  assigned  to 
this  facility,  with  new  construction  to  occur  in  Newark,  at 
the  campus  of  NJIT.    Additional  funds  will  be  provided  for 
land  acquisition. 

Advanced  Ceramics.    The  Center  for  Cerataics  Research  (CCR)  at 
Rutgers,  performing  lead-edge  research  in  one  of  the  so-called 
new  materials  of  the  future,  is  fast  approaching  world-class 
status  —  both  in  the  independent  judgment  of  leading  faculty 
from  HIT  and  as  assessed  recently  by  High  Technology 
Magazine.    The  Center  has  an  industrial  membership  of 
thirty-two  companies,  with  its  annual  affiliates  fee  to 
$30,000,  all  of  yhich  translate  "irtto  an  industrially-sponsored 
research  program  of  nearly  SI  million,  per  year.    CCR  also  i3 
supported  by  the  National  Science  foundation. 

The  recommendations  of  the  Commission  are  designed  to  ensure 
that  CCR  attains  this  world-class  standing  and  generates 
benefits  of  primary  inportance  to  New  Jersey.    The  latter  will 
occur  through  a  further  enhancement  of  CCR*s  research  program 
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emphasizing  technology  transfers  to  "ew  Jersey's  snail  and 
medium-size  industrial  ceramics  cenpanies  and  through  the 
provision  of  a  core  facility  to  CCa  on  t?,e  ajsch  Canpus  of 
autgers.    Currently,  CCR  operates  from  borrowed  (and  out 
grown)  space  at  the  engineering  Se**-.ol. 

The  Commission  has  recommended  S9  million  lor  this  core 
facility.    Xn  addition,  preli.nir.ary  discussions  have  been  held 
on  the  development  of  a  'second  wing-  of  this  facility,  for 
the  research  and  prototype  developnent  of  optical  fibers  — 
the  materials  over  which  fiber  cptlc  network  transmissions 
occur.    CCR  has  nascent  strengths  In  this  area  that  many 
companies  and  the  U.S.  government  wish  to  .encourage. 

(4)  Food  Technology.    Pood  technology  encompasses  the  study  of 
chemical,  biological, ^and  engineering  aspects  of  food  and  food 
processing,  packaging,  and  storing.    The  food  Industry  is  an 
Important  part  of  New  Jersey's  econonlc  base;  food  processing 
represents  annual  shipments  of  over  56  billion  in  New  Jersey. 
At  the  same  time,  the  state  has  experienced  a  loss  of 
employment  In  the  overall  food  indjstry,  with  the  relocation 
of  production  centers. 

The  proposed  center  for  Advanced  Pood  Technology,  with  a 
capital  requirement  of  $6  million,  win  strengthen  New 
Jersey's  research  and  economic  base  In  this  Industry  by 
providing  new  food  products  and  developing  more  efficient  and 
economical  food  processing  and  related  techniques.  *  The 
nucleus  of  this  Center  will.be  formed  aro'Jiid  the  Pood  Science 
Department  at  Cook  Colleje/Rutgcrs.    The  core  facility,  to  be 
located  on  the  Cook  campus,  will  draw  together  the  strengths 
of  nearly  a  dozen  academic  departments,  including 
Biochemistry,  Chemistry,  Nutrition,  Plant  Physiology, 
Mechanical  Engineering,  chemical  Engineering,  and  Materials 
Science.    In  addition  to  strengthening  joint  research  and 
development  programs,  this  facility  will  Include  a  pilot  plant 
designed  to  bridge  f.he  technical  gap  between  laboratory 
research  and  commercialisation.    Given  the  cross-disciplinary, 
commercial  orientation  of  the  Center,  we  anticipate  that  it 
will  help  to  spin-off  new  businesses  In  such  areas  as 
Ingredient  supplies,  chemical  and  packaging  supplies, 
processing  and  sensory  equipment  and  Instrumentation, 
warehousing,  and  waste  disposal. 

(5)  suno  Two  He»dg,    Although  the  Conlsslon  uas  not  able  to 
ascertain  additional  needs  with  the  same  finality  as  those 
Identified  above,  Its  report    erphasizes  that  there  will  he 
other  capital  requirements  over  the  next  several  years.  We 
already  have  mentioned  the  optical  fiber  materials  area  as  a 
possible  'second  wing*  of  the  Center  for  Ceramics  Research. 
Another  academic  area  where  we  anticipate  requirements  for 
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tapital  improvements  is  the  Cield  of  telenatics  — 
representing  the  growing  confluence  of  computer  technologies 
U.5  telecommunication.    A  third  area,  under  the  general 
heading  of  materials  science,  is  surface  modification 
t«nr.o»ogy.    *?e  believe  there  will  r.*  other  needs,  as  well. 

For  this  reason,  the  Science  and  Technology  Commission 
:;-—r.gly  -irgcd  that  sufficient  funding  —  S15  nillion  —  be 
r»iii\t>lc  to  pernit  timely  forward  movement  in  these  areas  as 
soon  as  their  importance  is  confirmed  and  their  requirements 
"ore  precisely  identified.    These  deteriorations  'All  be  the 
responsibility  of  the  new  permanent  Conaission. 

B.     Undergraduate  Technical  and  Engineering  Facilities 

To  ensure  the  instructional  inprovenents    that  are  needed  for  a 
technolocy-fained  workforce  in  New  Jersey,  the  Commission  recommended 
that  substantial  capital  funds  —  $23  nillion  «  be  provided  to  maintain 
nigh  qjality  science  and  technology  education  at  the  public  four-year 
and  community  colleges,  as  well  as  at  aany  independent  institutions  of 
higher  education.    These  funds  will  be  applied  to  the  construction  and 
improvement  of  instructional  laboratories,  computer  and  educational 
facilities,  and  building  space  for  technical  equipment  installations. 

Projects  to  be  funded  from  this  portion  of  the  bond  issue  will  be 
for  major  capital  expenditures  valued  at  oore  than  $250,000,  «nd  with  *n 
extended  use-life  expectancy.    These  expenditures  vm  differentiate 
themselves  by  dollar  size  and  nature  from  current  technology  initiative 
grant  prograns  to  higher  education  institutions  and  espcciallv  froa 
Chapter  12  projects  that  fund  the  county  colleges.    A  coapetitive  grant 
process,  within  each  sector,  will  be  used.    All  projects  drawn  froa  this 
523  nillion  fund  will  receive  the  approval  of  the  Board  of  Higher 
Education. 

C •     Other  Technology  initiatives 

(1)    South  Jersey  Engineering  PaciUtlca.    At  present,  there  are  no 
facilities  fcr  undergraduate  or  continuing  professional 
engineering  training  in  south  Jersey.    There  is  an  increasing 
need  for  such  programs  with  the  growth  of  ethnology-based 
businesses  in  this  area  of  the  State.    The  bond  sets  aside  S3 
nillion  for  conrtruction  of  needed  facilities  as  part  of  the 
establishment  of  a  new  west  Campus  for  Burlington  County 
College.    The  last  two  years  of  undergraduate  engineering 
training  and  continuing  professional  education  for  the 
Industrial  community  will  be  provided  here.    The  program  will 
•:e  a  cooperative  venture  between  Burlington  County  College  and 
the  Hew  Jersey  Institute  of  Technology. 
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?:)    :ro-t?f  A<tlsscd  Doslon/Conouter  N>nafactor« no 

I^HI-    *  regional  county  colli?«-ta3«d  training  :in:<:  for 
car-pater  assisted  deilgn  and  corwutef  agisted  nanyf  Act  irinn 
TAVCAMJ  vui  b*  established  with  S4  nillion  of  iond 
.oracjedi.    This  center  will  focus  on  rookie*  technologies  and 
vojW  oe  cttd  by  tho  coaaunlty  colleges  in  South  Jersey  for 
technician  training.    A  consortia  of  county  colleges  will 
operate  the  center. 

<3)    Other  project,  to  be  dcslonated.    The  state  Board  of  Higher 
Education  will  retain  control  over  $3  ilUlon.    These  funds 
.  will  be  uaed  to  aeet  future  needa  for  construction  and 
renovation. 

Surma  ry  Observations 

High  technology  developaent  Is  currently  of  great  concern  to  oany 
state  £o-  trnnents.    Various  measures  exist  to  prooote  advanced 
scientific  and  technological  growth  at  the  state  level.    These  Include 
supporting  tecnnologlcal  training  progxaas  and  reaaving  barriers  to 
business  development  which  are  Inposed  by  Individual  states.    Soae  of 
the  noxt  isr^rtant  activities  which  will  pronote  the  growth  of  advanced 
technological  industries  cannot*  however,  be  undertaken  at  the  state 
level.   These  Include  the  removal  of  tariffs  on  Aaerican  goods  in 
foreign  countries,  and  the  refora  of  federal  regulations  concerning 
business  taxation  and  investaent.    In  the  following  discussion,  the 
focus  is  on  those  areas  which  Individual  statea  can  and  cannot  affect  \o 
pronote  high  technology  dovelopaont. 

Vhat  State  Covtrnnont  Jan  Do;  Education  AndEconoalc  Dcvelonntnt 

State  governaenta  can  play  a  significant  role  In  high  technology 
developaent  through  their  InVolveaent  In  education  and  Ccononlc 
develooaent.    Specific  aeaaures  which  enhance  high  technology 
developaent  are  outlined  below. 

A-     Industry  -  Education  Alliance:    state  governaents  can  seek  to 
Increase  and  strengthen  collaboration  In  research  and 
Instructional  support  between  their  Industries  ond  acadeatc 
Institutions,  by  encouraging 

1.  the  developaent  of  joint  appointnents  and  improved  salary 
packages  to  tnhance  the  recrultaent  and  retention  of 
engineering  and  computer  science  faculty,  especially  of  vounn 
faculty:  f» 

2,  the  developaent  of  joint  and  third-party  support  aechanisas  to 
encourage  specialized  ,~  >duate  courses  ani  research  at  the 
cutting  edge  of  sclenc«  ind  technology,  jointly  conducted 
research  and  developaent  and  exchanges  of  personnel! 
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technology  transfers,  especially  to  snail  and  nedium-sized 
industria:  enterprises,  to  increase  the  actual  implementation 
of  high  technology  research  and  development;  and 

the  development  of  inter-institutional  "centers  of 
excellence,*  with  industry  participation  and  with  a  precise 
focus  on  nissior.  (e.g.,  telecommunications,  biogenetics), 
since  a  'critical'  r.ass«  of  faculty  and  facilities,  supporting 
infrastructure,  and  economic  resources  is  viewed  as  essential 
to  successful  implementation. 

Engineering  Education  and  Training:    Recognizing  the  high 
level  of  responsibility  which  states  must  accept  for  the 
health  of  engineering  education,  state  government  can  identify 
ways  to  expand  the  applied  scientific,  technical,  engineering" 
and  computer  science  capabilities  of  their  higher  education 
institJtions,  including 

aggressively  recruiting  promising  undergraduates  for  graduate 
programs  la  fields  like  engineering  and  coaputer  science,  with 
support  from  both  publicly-sponsored  and  industry-sponsored 
stipends  (based  upon  work  commitments  for  sponsored  students); 

increasing  higher  education's  capacity  to  train  a  more 
technology-oriented  work  force,  especially  through  associate 
degree  programs  and  programs  of  customized  training; 

providing  greater  access  to  professional  engineering  and 
technical  careers  for  students  who  traditionally  have  entered 
scientific  fields  in  limited  numbers  (i.e.,  women  and 
minorities); 

expanding  continuing  education  opportunities,  particularly  at 
the  professional  and  technical  levels,  to  overcome  job  skill 
obsolescence;  and 

a  re-examinatlon  of  those  policies  which  may  preclude  tasking 
the  pay  of  engineering  faculty  competitive,  including  the 
removal  of  disincentives  to  entrepreneurship. 

Equipment  and  Facilities:    State  government  can  seek  to 
overcome  any  equipment  or  facility  deficiencies  at  their 
institutions  of  higher  education,  'including 

improvement  and  jpgrading  of  the  research  and  instructional 
equipment  at  these  institutions,  through  both  equipment 
donations  from  industry  and  industry-government  matching 
support  programs;  and 
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in  combination  vitr.  other  capital  nseds  Cor  higher  education, 
t'ie  authorization  of  general  revenue  'science  and  technology 
bond  issues  to  finance  laboratory  inorovenents  and  related 
areas  of  deferred  maintenance. 

Research/Industrial  Parks:    State  government  can  also 
investigate  the  feasibility  of  stimulating  public/private 
research  and  industrial  parks,  including  the  provision  of  lo.: 
cost  financing  fron  the  State's  economic  development  agencies 
for  the  construction  of  such  par"<s  in  targeted  urban  areas 
capable  of  benefitting  froa  clos?  interaction  with  academic 
research  centers. 

The  Economic  and  forking  Environment:    f  *te  governnents  cm 
assist  their  agencies  by  helping  to  inv*     igate  the  econoa 
obstacles  to  and  incentives  for  high  technology  development, 
including 

the  usefulness  of  revising  the  corporate  tax  code,  and 
especially  the  provision  of  loss  carry-overs,  to  encourage 
capital  formation  and  new  business  investment; 

the  viability  and  potential  use  of  differential  tax  rates,  and 
tax  abatements,  as  well  as  easenents  on  the  availability  of 
loans,  industrial  bonds  and  grants,  as  incentives  to  high 
technology  industrial  start-u£?; 

government  regulations  on  business  operations,  including  those 
pertaining  to  environmental  protection,  to  determine  whether 
obstacles  to  economic  development  can  be  alleviated; 

the  participation  of  financial  institutions,  especially  those 
vertically-integrated  institutions  that  can  assist  high 
technology  development  in  all  its  phases,  froa  research  to 
commercialization;  and 

Scientific  and  Technological  Literacy:    State  government  can 
identify  programs  to  improve  science  education  and 
technological  and  computer  literacy  at  all  educational  levels, 
such  as 

the  feasibility  of  establishing  science  and  mathematics 
teacher  training  institutes  at  colleges  and  universities  to 
meet  shortages  of  qualified  teatners  in  the  secondary  school*!; 
in  these  fields; 

the  encouragement  of  programs  which  serve  to  "demystify* 
science  and  technology  as  subnet-areas  beyond  everyday 
comprehension; 
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2.     the  development  of  special  high  school  programs  to  increase 
the  pool  of  qualified  minority  group  students  who  concentrate 
on  science  and  nathenatics  as  preparation  for  higher  education 
ana  relevant  careers?  and 

4.     the  develonoent  of  enriched  undergraduate  programs  for 
economically  and  educationally  disadvantaged  students  to 
increase  entry  and  eventual  employment  in  technological  fields. 

Tlhat  state  governents  cannot  do:    improve  exoort  market  conditions, 
reform  federal  tax  and  environmental  regulations. 

Several  of  the  cost  important  measures  which  need  to  be  taken  in 
order  to  promote  high  technology  growth  in  the  Onited  States  cannot  be 
carried  out  at  the  state  level.    These  are  in  addition  to  the 
fundamental  role  of  the  federal  government  in  sponsoring  basic  research, 
as  discussed  earlier.    Among  these  measures  are  the  following: 

*•      --TOCoying  the  aarket  conditions  abroad  for  high  technology 

products.    Many  foreign  countries  have  extremely  hig!  tariffs 
against  imported  goods  which  are  produced  using" advanced 
technology.    These  countries  claim  to  be  •protecting^  domestic 
producers  of  the  same  goods.    The  federal  government  can  lobby 
for  greater  free  trade  in  products  resulting  from 
sophisticated  technological  processer     state  governments  have 
no  authority  to  conduct  foro'g/;  *ffairs,  so  they  can  do  little 
to  improv«  this  situation. 

B*      Improving  the  business  cliuate  by-lowering  corporate  taxes  and 
eliminating  unnecessary  regulation  of  high  technology 
industries,    state  governments  are  limited  in  the  degree  to 
which  they  can  foster  high. technology  development  by  corporate 
taxes  and  .regulations  imposed  at  the  federal  level.  State 
governments  can  press  the  federal  government  for  change,  but 
there  i*  nothing  they  can  do  legislatively  to  ameliorate  the 
situation* 

C.      Controlling  migration  of  the  labor  force.    The  manufacturing 
side  of  high  technology  development  involves  blue-collar 
workers  engaged  in  running  factories  in  which  sophisticited 
products  are  aade.    High  technology  firms  are  eager  to  locate 
in  states  with  large  numbers  of  skilled  and  unskilled 
laborers.    Other  states  may  suffer  a  loss  of  workers,  if  QOre 
attractive  positions  exist  elsewhere  in  the  country.  There 
may  be  little  that  state  governments  can  do  to  prevent  these 
migrations. 

What  the  federal  government  can  do:  helo  to  noderniz  r  .i-cacpus 
facilities  and  equipment  for  basic  research.  :  '  

This  report  describes  major  initiatives  occurring  at  the  state 
level,  and  in  particular  in  New  Jersey,  aimed  at  improvements  in  science 
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and  technology*    Joining  forces  with  local  industries  and  najor 
sorpsntions,  the  states  are  providing  leadership  ir.  tne  eduction 
students  and  in  the  formation  of  industrial  policies  for  economic 
development  and  n*-*  }ob  creation.    For  these  ef forte  and  policies  iully 
to  succeed,  however,  »"»  need  the  active  participation  of  the  federal 
government,  especially  to  help  neet  the  consideraole  costs  of  the 
infrastructure  for  *?asic  science  and  research. 

The  days  are  past  when  we  should  expect  the  federal  government  to 
provide  the  sole  support  for  these  needs.    Support  fron  the  federal 
government  must  be  natched  by  the  states,  the  recipient  highar  education 
institutions,  and  industry*    Hy  report  indicates  that  these  sources  are 
both  available  and  actively  engaged  in  naking  inprovements.    ,-rtiat  also 
must  occur  is  leadership  from  Washington* 

While  states  have  maintained  the  •intellectual  and  tecnr.ological* 
infrastructure  for  graduate  education  in  the  sciences,  engineering  ana 
related  technologies,  th°y  do  not,  should  not  and  cannot  finance 
fellowship  for  students  who  enroll  in  such  studies.    Doctoral  students 
in  all  disciplines  serve  a  national  need;  they  are  highly  mobile 
individuals  jho  often  leave  a  state  upon  completion  of  doctoral 
studies.    This  support  in  doctoral  studies  clearly  is  a  federal 
responsibility  and  not  a  state  of  responsibility,    she  federal 
government  has  been  derelict  in  this  area*    National  graduate 
fellowships,  awarded  conpetitively,  will  assure  that  the  most  talented 
young  people  will  pursue  careers  in  basic  and  applied  research* 

Z  am  calling  on  this  committee  to  support  legislation  for  a  najor 
laboratory  modernization  program  for  on-campus  facilities  and  equipme.it 
in  basic  research*    This  legislation  should  seek  increased 
appropriations  for  NSF,  NIH.,  and  the  mission  agencies,  with  the  costs 
shared  fairly  by  higher  education,  industry,  and  states.    It  is  only  in 
this  way  that  we  can  hope  to  remove  the  twenty  years  of  neglect  faced  by 
these  laboratory  facilities  and  restore  them  as  the  driving  engines  of 
our  science  and  technology  machinery. 

There  should  be  no  underestimation  of  the  magnitude  of  this 
problem.    Several  years  ago,  my  Department  analyzed  the  costs  to  remedy 
the  serious  disrepair  of  research  equipment,  alone,  at  our  m*jor 
academic  institutions.    The  result  was  estimated,  conservatively,  as  a 
$40  million  problem  in  New  Jersey,  and  a  SI  billion  problem, 
nationwide.    Our  Commission  on  Science  and  Technology  responded  quickly, 
but  within  the  limits  of  the  State's  resources,  by  recommending  that 
more  than  S4  million  be  spent  for  these  improvements'  in  Hew  Jersey, 
during  FY  1984.    In  subsequent  fiscal  years,  we  have  raised  this  level 
to  the  S6-7  million  range,  annually. 

;ie  have  made  improvements  but  the  eradication  of  this  equip-ner.t 
prsolem,  and  the  construction  of  the  facilities  to  -ouce  these 
instruments,  is  long-term.    The  disrepair  continues,  r.nd  it  is  onl.  wit* 
a  major  infusion  of  federal  support  that  we  will  ever  be  able  to  rise 
above  these  maintenance  levels.    The  national  an',  i-.ternational 
refinements  of  science  and  technology  do  not  perni*.  us  to  stay  at 
maintenance  levels.    -le  nust  advance  through  growth  and  expansion. 
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DISCUSSION 

Mr.  Brown.  I  can  assure  you  that  is  a  very  impressive  statement 
and  testimony  to  the  leadership  which  New  Jersey  has  given.  I 
hope  you  are  correct  that  the  other  States  are  doing  as  well. 

Dr.  "Hollander.  Some  are. 

Mr.  Brown.  Some  are.  But  it  would  make  me  rest  easier  at  night 
if  I  felt  they  were. 
Mr.  Lewis,  do,you  have  any  questions? 
Mr.  Lewis:  I  nave  one,  Mr.  Chairman. 

You  are  stating,  Doctor,  that  you  want  renewed  Federal  effort  in 
support  of  ba^ic  research.  How  do  we  compare  to,  say,  the  Soviet 
Union  otto  Japan  in  that  area? 

Dr.  Hollander.  T  can't  answer  that  question  specifically.  I  be- 
lieve we  do  very  well. 

"Mr.  Lewis.  Do  you  feel  that  we  provide  more  assistance  for  stu- 
dents, fordck^r^ theses  than,  say  

Dr.  Hollander.  I  can't  answer  that  question. 

Mr.  Lewis.  How  do  you  feel,  then,  we  need  to  do  more? 

Dr.  Hollander.  Well,  our  efforts  in  New  Jersey  are  essentially 
supporting  applied  research.  There  is  a  direct  and  tangible  reward, 
if  you  like,  to  our  taxpayers  in  that  research. 

The  payoff  is  clear,  and  it  is  not  too  difficult,  has  not  been  too 
difficult,  for  us  to  persuade  taxpayers  to  support  investments  in  re- 
search in  fee  universities  where  those  investments  in  the  taxpay- 
ers' minds  are  related  to  the  creation  of  new  jobs,  a  greater  tax 
base. 

We  have  greater  difficulty  arguing  for  support  of  basic  research, 
more  theoretically  oriented  research,  which  we  do  support  indirect- 
ly in  our  support  of  the  staffings  at  the  universities  and  facilities  at 
the  universities.  But  that  fundamentally  is  a  Federal  responsibility; 
it  crosses  State  lines.  It  is  of  interest  to  the  Nation,  and  our  institu- 
tions participate  in  that  effort,  as  do  the  major  universities 
throughout  the  country. 

But  the  Federal  Government  really  has  a  responsibility  to  do  for 
those  institutions,  in  terms  of  basic  research,  what  we  in  New 
Jersey  are  doing  with  taxpayer  mohey  for  applied  research. 

Mr.  Lewis.  Do  you  feel  that  the  Federal  Government  should  also 
be  involved  in  establishing  chairs  for  various  scholars  in  the  State 
university  systems? 

Dr.  Hollander.  I  would  say  that  would  be  a  lesser  priority.  I 
think  that  is  more  of  a  State  responsibility  than  Federal  responsi- 
bility. 

I  would  define  the  priorities  in  the  Federal  responsibility  as  facil- 
ity, maintaining  equipment  up  to  date,  and  national  graduate  fel- 
lowship programs  in  support  of  doctoral  studies. 

Mr.  Lewis.  Thank  you. 

Thank  you,  Mr.  Chairman. 

Mr.  Brown.  .  Dr.  Hollander,  I  would  like  to  explore  with  you  just 
a  little  bit  more  the  role  of  the  Commission  on  Science  and  Tech- 
nology which  you  have  described  in  your  statement 

I  gather  that  that  is  ongoing? 

Dr.  Hollander.  Yes. 

Mr.  Brown.  A  permanent  commission? 
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Dr.  Hollander.  It  will  be  continuing. 

.  Mr.  Brown:  „  A  continuing  commission  established  how  long  ago? 
Dr.  Hollander.  About  2  years  ago. 

Mr.  Brown.  And  it,  has  a  separate  operating  budget,  and  were 
some  of  these  or  most  of  these  initiatives  that  you  have  described 
re(»iuiaended  b^  this  commission?  :  . 

Dr.  Hollander.  Yes,  tHey  were.  The  Commission  was  staffed  ini- 
tially by  the  department,  my  department,  the  Department  of  Higher 
Education.  It  was  comprised  of  liniversify  presidents  as  well  as 
chief  executive  officers  of  major  corporations  in  the  State. 

We  set  up  .  a  system,  of  peer  review  to  evaluate,  first,  where  we 
thought  the  State  would  grow  on  the,  basis  of  pureiand  applied  re- 
search and,  two,  where  our  universities  really  had  a  capability  of 
making  a  contribution. 

Where  those, two  coincided,  the  Commission  recommended  meyor 
State*  finding  of  a  Center  for  AdvancedTechnologysin  that  area.  , 

Where  the  Commission  based  on  peer  review  felfc,thatwe  needed 
capability  inv  the  area,  the  commission  recommended  funding  of 
what  we  call ^  innovative  partnerahip.  That  is  funding  of  research  by 
faculty  and  encouraging  industry  to  also  fund  research  to  build  up 
a  capability,  Hopefully,,  to  lead  to  an  advanced  ^center  for  research 
.in  that  area,  and  that  has  been  done.  - 

The  third;  part,  of  it,  also  recommended  bypeengroups,  is  a  strat- 
egy for  dissemination.  That.is  to  make  the  result  of  the  research 
available  nofc  justto  one  or  jtwo  companies,  but  the  whole  industry 
in  the  State,  the  service  organization  based  at  the  university. 

Mr.  Brown:  How  would  you  categorize  the.  degree  of  cooperation 
from  your  industries'  CEO's;  have  they  splayed  a  prominent  role  in 
developing  the  kind  of  cooperation  you  have,  described  here? 

Dr.  Hollander.  An  important  /role;  in  fact,  the  most  important 
role,  in  my  judgment,  was  their  identification  .ofrif  you  like,  world- 
class  national-  .capability;  nationally  recognized  researchers  in  a 
number  of  fields  where  they  had  heretofore  been  skeptical  of  the 
research  capability  in  the  state*  outside  of  Princeton. 

Their  investment  with  the  Commission  led  to  their  direct  commit- 
ment of  resources  in  support  of  some  of  the  centers,  but  more  im- 
portant than  that,  their  commitment  of  support  for  increased  State 
financing  of  our  higher  education  system.  And  that  aspect,  as  a 
result  of  the  Commission  activity,  benefited  all  the  institutions  in 
the  State. 

tMr.  Brown.  In  other  words,  their  support  of  fhe  State's  funding 
provided  the  political? 

Dr.  Hollander.  They  helped  sell  the  bond  issue.  They  also 
helped  sell;  it  under  conditions  which  they  recommended  involving 
matching  support,  that  is,  requiring  matching  support  in  all  the 
areas.  That  is  built  into  all  of  our  proposals. 

Mr.  Drown.  How  long  do  you  anticipate,  or  is  it  possible  to  quan- 
tify this,  that  you  will  begin  to  see  some  measurable  results  in 
terms  of  economic  impact,  impact  on  the  unemployment  rate  and 
so  forth,  from  this  kind  of  a  comprehensive  program? 

Dr.  Hollander.  That  is  hard  to  say.  It  is  going  to  come  slowly  at 
first,  and  hopefully  faster  later  .on.  There  has  been  some  impact  al- 
ready. There  have  been  a  number  of  firms  that  located  or  will  be 
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spun  off  from  research  activities  as  a  direct  result  of  the  Commis- 
sion and  other  efforts  of  the  university. 

For  example,  one,  a  new  pharmaceutical  house  was  established 
by  a  university  researcher  at  our  medical  school.  The  company  has 
since  gone  public  and  that  has  brought  research  jobs  into  the  State, 
^t^i**16  research  k  successful,  possibly  something  beyond  that. 

.We  have  got  spinoffs  that  have  greatly  affected  over  a  longer 
period* -Even  before  this  Commission,  there  has  been  collaboration 
between  our  universities  and  the  pharmaceutical  industry  and 
chemical  industry  which  are  very  strong  in  New  Jersey.  These 
have  been  more  formalized  with  the  centers,  where  collaborative 
research  can  take  place. 

I  don't  know  how  long  it  will  take  to  spin  off  into  new  companies 
or  new  products  or  expansion  based  on  patentable  products  from 
the  research  efforts.  That  is  really  hard  to  say.  And  I  guess  even  if 
it  isn  t  directly  discernible,  the  impact  indirectly  on  the  State's  eco- 
nomic environment  and  attitude  toward  the  State  on  the  part  of 
new  companies,  I  think,  is  considerable. 

Mr.  Brown.  Well,  I  am  very  grateful  to  you  for  your  testimony, 
Dr.  Hollander.  It  has  been  a.  m^jor  contribution  to  the  work  of  our 
task  force,  and  we  appreciate  your  being  here  this  morning. 

Dr.  Hollander.  Thank  you  for  inviting  me. 

Mr.  Brown.  The  task  force  will  be  adjourned. 

[Whereupon,  at  12:10  p.m.,  the  task  force  recessed,  to  reconvene 
Wednesday,  May  22, 1985,  at  10  a.m.] 
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House  of  Representatives, 
Committee  on  Science  and  Technology, 

Task  Force  on  Science  Policy, 

Washington,  DC. 

oo^J^  for<*  met>  Pursuant  to  recess,  at  10:05  a.m.,  in  room 
2318,  Rayburn  House  Office  Building,  Hon.  Don  Puqua  (chairman 
of  the  task  force)  presiding. 

Mr.  Puqua.  Today  we  continue  hearings  on  the  role  of  the  Feder- 
al ^vernment  in  supporting  the  research  infrastructure  of  Ameri- 
ca s  universities.  Yesterday  we  heard  from  several  members  of  the 
administration,  a  representative  of  the  State  governments,  and  the 
National  Academy  of  Science. 

Today  we  are  privileged  to  hear  from  several  of  the  m*yor  asso- 
ciations of  research  universities,  from  a  representative  from  Ameri- 
can industry,  and  from  two  individuals  who  can  tell  us  about  spe- 
cialized aspects  of  funding  and  manpower  issues  affecting  the  re- 
search infrastructure. 

These  hearings  before  tha  task  force  will  give  us  a  sound  basis 
for  developing  the  recommendations  we  will  have  next  year  con- 
cerning this  important  issue.  We  hope  to  learn  more  about  the 
fisad  issues  which  directly  affect  the  maintenance  of  the  research 
infrastructure  and,  based  on  what  we  have  learned,  we  may  wish 
to  ask  our  witnesses  some  supplemental  questions.  We  hope  they 
will  be  rile  to  continue  to  give  the  benefit  of  their  experience  in 
the  coming  months. 

Our  first  witness  this  morning  will  be  Dr.  Oliver  D.  Hensley, 
cnmnnan,  Study  Group  on  Research  Personnel,  Society  of  Research 
Administrators,  and  associate  vice  president  for  research,  Texas 
Tech,  Lubbock,  Tx. 

We  will  be  pleased  to  hear  from  you  at  this  time. 

[A- biographical  sketch  of  Dr.  Hensley  follows:] 

Dr.  Oliver  D.  Hensley 
Associate  Vice  President  Texas  Tech  University. 
Suppc^r^^nnd6  °f  Research  Admin*trators  Study  Group  on  Research 

Chemist,  Drew  Chemical  Co   Y"?Z 

Public  schoolteacher  ZZZl"Z\Z"ZZZZ". 6 

Research  adminisirator,  faculty  member  and  pr^ 

versity  of  Illinois  ^  2 
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Southern  Illinois  University  

Northeast  Louisiana  University 
Texas  Tech  University^  


6 
9 
1 


STATEMENT  OP  DR.  OLIVER  D.  HENSLEY,  CHAIRMAN,  STUDY 
GROUP  ON  RESEARCH  SUPPORT  PERSONNEL,  SOCIETY  OP  RE- 
SEARCH ADMINISTRATORS,  AND  ASSOCIATE  VICE  PRESIDENT 
FOR  RESEARCH,  TEXAS  TECH,  LUBBOCK,  TX 

Dr.  Hensley.  Mr.  Chairman,  members  of  the  task  force,  I  am 
Oliver  Hensley,  associate  vice  president  for  research  at  Texas  Tech 
and  chairman  of  the  Society  of  Research  Administrators'  Study 
Group  .on  Research  Support  rersonnel. 

I  want  to  thank  you  for  inviting  me  to  testify  about  the  signifi- 
cance of  research  support  personnel  to  university  research  and 
about  their  impact  on  national  and  university  research  policy.  I 
will  want  to  emphasize  the  importance  of  reassessing  jboth  national 
and  institutional  policies  and  linking  these  others.  The  topic  that  I 
am  talking  about  is  most  important  to  the  maintenance  of  excel- 
lence of  university  research  and  Jto  the  continuing  welfare  of  the 
Nation. 

I  have  been  studying  research  support  personnel,  one  part  of  the 
infrastructure,  for  5  years.  It  is  difficult  to  give  uniform  data  about 
them. 

I  will  share  with  you  some  personal  impressions  about  research 
support  personnel  and  borne  interrelated  modeling  problems  that 
exist  with  that  particular  group,  and  then  point  out  some  of  the 
highlights  of  recent  developments  from  a  comprehensive  SRA 
study  of  research  support  personnel. 

First,  I  would  like  to  talk  about  the  significance  of  research  sup- 
port personnel  to  research.  It  is  not  understood  by  policymakers 
and,  consequently,  this  group  has  been  ignored  in  science  policy. 

Second,  I  believe  that  the  exact  size  of  the  total  research  support 
personnel  population  is  not  presently  known,  but  there  are  esti- 
mates that  they  number  more  than  a  half  million  and  are  the  fast- 
est growing  group  in  academia. 

Third,  the  present  national  cost  of  maintaining  university  re- 
search personnel  is  enormous.  I  believe  that  it  is  the  biggest  part  of 
the  university  research  budget  and  that  their  cost  is  increasing  at 
an  astounding  rate. 

Fourth,  I  believe  that  quality  support  services  can  be  maintained 
with  a  strong  congressional  commitment  to  support  this  part  of  the 
infrastructure. 

Fifth,  the  direct  and  indirect  cost  reimbursement  mechanism  as- 
sociated with  project  funding  is  an  adequate  and  a  fair  way  of 
maintaining  the  infrastructure  if  policymakers  will  accept  the  fact 
that  the  full  cost  of  research  must  be  recovered  for  every  project 
and  if  policymakers  will  update  their  personal  perceptions  and 
share  formal  models  that  keep  pace  with  the  changing  times. 

Sixth,  I  believe  that  a  continuing  comprehensive  study  can  be 
made  by  research  support  personnel  and  other  segments  of  the  in- 
frastructure if  Congress,  the  National  Science  Foundation,  and  the 
professional  associations  such  as  SRA  will  arrange  for  and  support 
the  periodical  exchange  of  timely,  information. 
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Your  hearings  are  ah  excellent  start  in  that  direction.  The  Socie- 
ty of  Research  Administrators  will  respond  by  inviting  one  of  your 
members  to  speaK  about  the  task  force!  agenda  at  our  national  con- 
ference in  St.  Louis  ih  Ocfober  xjf  1985. 

I  would  like  to  spend  some  time  just  highlighting  tiie  results  of 
this  comprehensive  SRA  study.  The  majority  of  my  remarks  Trill  be 
mcluded  in  the  written  presentation  I  have  given  to  vou.  Tune  does 
not  permit  the  fhfl  coverage  of  that;  so  I  will  just  headline  some  of 
the  more  important  findings. 

The  most  important  finding  of  the  SRA  rtudy  group  was  that 
this  part  of  the  infrastructure,  the  research  support  personnel,  has 
grown  'so  fast  that  it  really  has  hot  been  studie  d  and  it  is  complete- 
ly undervalued  because  policymakers  at  the  national  level  and  in 
the  institution  really  don't  understand  the  significance  of  this  par- 
ticular group.  "' 

The  SRA  study  group  found  that  Federtf  agencies,  university  as- 
sociations, and  the  professional  societies  have  not  Valued  research 
support  personnel  enough  to  distinguish  them  from  other  groups 
and  then  to  study  them.  They  also  found  out  that  there  was  a  wide 
acknowledgment  that  research  personnel  are  essential  to  the  con- 
tinued advancement  of  science,  to  the  advancement  of  specific  mis- 
sions of  postsecondary  institutions,  and  to  American  technological 
leadership.  Yet,  this  vital  group's  value  for  science  remains  laigely 
unrecognized,  its  size,  contribution,  and  composition  universally 
unknown  and  the  field  generally  ignored  by  disciplined  inquiry. 

For  some  time  the  Society  of  Research  Administrators  has  real- 
wed  that  many  national  and  institutional  issues  could  not  be  ad- 
dressed rationally  by  the  university  and  their  several  sponsors 
untu  a  working  definition  and  a  common  classification  was  devel- 
oped for  research  support  personnel  [RSP].  They  recognized  that 
the  lack  of  knowledge  about  this  part  of  the  infrastructure  was  the 
primary  problem  leading  to  a  host  of  secondary  difficulties  related 
to  the  Governmentruniversity  partnership.  Second,  they  realized 
that  it  was  creating  numerous  institutional  operating  problems  di- 
rectly affecting  the  daily  activities  of  the  principal  investigor. 
Third,  it  was  instigating  many  personal  difficulties  related  to 
morale,  productivity,  and  job  satisfaction  of  the  research  support 
person. 

For  example,  the  secondary  problems  of  capping  indirect  costs,  of 
decaying  support  services  in  the  universities,  and,  of  technical  per- 
sonnel shortages  within  academia  and  industry  stem  from  inad- 
equate information  on  research  support  personnel.  Also,  valid  in- 
formation related  to  this  group  is  essential  to  the  development  of 
modern  university  personnel  management  systems  and  to  the  re- 
cruitment, morale,  and  retention  of  this  essential  group  of  individ- 
uals within  academia. 

Effective  and  employee-accepted  subsystems  of  performance  ap- 
praisal, job  classification,  and  equitable  employee  incentives  are 
dependent  upon  national  norms  for  particular  jobs.  Development  of 
these  key  systems,  their  specific  components  and  employee  satisfac- 
tion with  their  university  jobs,  requires  basic  national  information 
and  specific  national  indicators  related  to  this  group. 
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In  the  past  the  National  Science  Foundation  has  gathered  a 
great  deal  of  information  on  scientists  and  engineers,  but  they  have 
completely  neglecte&this  group. 

In  1983  the  society  established  a  study  group  to  investigate  the 
problems  related  to  the  RSP.  After  2  years  of  investigation,  the 
study  group  has  developed: 

One,  an  acceptable  definition  to  universities; 

Two;  a  functional  classification  system;  and 

Three,  an  indepth  analysis  of  divisional  research  support  person- 
nel patterns  in  universities. 

The  RSP  are  now  defined  as  .hose  individuals  other  than  stu- 
dents who  render  assistance  directly  or  indirectly  to  principal  or 
(^investigators.  Research  support  personnel  may  be  assigned  di- 
rectly to  a  project  or  they  may  provide  indirect  or  occasional  assist- 
ance to  the  researcher  or  project  director.  This  heterogeneous 
group  of  employees  include  Ph.D.-level  analysts,  special  mechanics, 
many  types  of  clerical  individuals,  and  accounting  personnel  as 
well  as  all  levels  of  academic  administrators. 

The  study  produced  some  indicators  of  the  composition  of  the 
RSB  which  I  would  like  to  present.  To  give  us  a  common  frame  of 
reference,  I  call  your  attention  to  the  SRA  'Taxonomy  of  Research 
Support  Personnel"  within  the  research  establishment. 
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Table  II 

Analysis  of  Research  in  Selected  University  Departments  (1 039.40) 
Departments  of  Physics 


Institution 
number* 


2.... 
3.... 
4«*.. 
5.... 
6.... 
7.... 
8...., 

9  

11... 
12... 
13„. 


Number  of 
professionsi 
personnel 


Number  o| 
technicians, 
secretaries, 
etc. 


35 

16 

26 

4 

51 

9 

52 

10 

37 

7 

56 

18.5 

39.5 

10 

31 

7 

88 

•10 

18 

3 

47 

Salaries  of 
professional 

personnel 
(thousands) 


$106 

41 

90 
92 
104 
148 
-  23 
85 
37 
54 
27 
79 


Tots!  depart- 
ment budget 
(thousands) 


$169 
54 
115 


171 
245 
80 
141 

62 
80 
85 
.123 


-»«iu«  co»  uDerai  arts  university. 
«•  Medium  sis*  private  engineering  school. 
9.  Large  State  untorslt* 


Direct  op*r- 
stini  expenses 
of  react ren* 
(thousands) 


•  As  follows: 
J-  Large  private  university. 
2.  tares  State  university. 

J  UrS  Itat^rSv^Sl!7  UaotUuA  SUU  agricultural  school 

6.  Large  private  unlrerttty.  •  ' 

«•  Jf-lf  private  sei^eer&c  school.  -  1 


$20 
7.5 
18 

34.6 
•89 
27 
4 
41 
9 


2 

30 


Ratio  col- 
umn 8  to 
column  4 


0.19 
.18 
.20 
58 
.38 
.18 
.17 
.48 
.24 


.08 
.38 


Percent  of  re- 
search funds 
from  non- 
university 
sources 


29 
93 
47 
20 

7 
33 
100 
95 

0 

5 
100 

0 


Number  of 
graduate 
students* 


67.6 


37 
65 
100 
65 
14 
53 
60 
36 
7 
72 


10 

Degrees  awarded* 


M.  A. 


6.2 


3 
12 
10 
3 
3 
8 
7 
3 
2 
4 


10.  Medium  slse  private  university. 
ib  tf*P  BuU  university. 
12.  Medium  sfseStata  university. 


.      Urge  State  unlreisity. 
Ml Iacrudes  «rpendltures  for  expilnment,  apparatus,  technical  and  research  assist, 
anee,  publishing  costs  assocUted  wfthleeesr^Wdtrips,  expedUonsTetc! 

•  Aversgs  for  the  9  yean  ending  1WW0.  ^  ^ 
4  Includes  astronomy  and  physiological  optics. 

•  After  deducting  110,000  s^toVc^trcir 


Ph.D. 


7.6 


6 
5 
6 
10 
2 
8 
2 
6 
2 
8 


Lie 
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For  many  years  the  model  for  research  within  universities  has 
been  primarily  researchers  and  students  with  a  sponsor.  This 
model  changes  things.  The  largest  group  of  people  in  the  universi- 
ties now,  excluding  students,  are  research  support  people.  That 
group  has  not  been  looked  at.  That  third  dimension  that  you  see 
running  down  on  the  model  has  really  not  been  investigated  by  in- 
stitutional policymakers  or  national  policymakers. 

There  is  a  large,  large  number— almost  75  percent— of  the  people 
who  in  some  way  make  their  living  associated  with  university  re- 
search who  are  tied  up  in  this  fc^oup,  and  it  has  been  completely 
unstudied.  The  students  have  been  studied;  the  researchers  have 
been  studied;  and  certainly  the  sponsors.  There  is  a  largo  group  of 
them. 

This  model  of  the  research  establishment  attempts  to  explain  in 
a  graphic  fashion  the  composition  and  the  complex  interaction  of 
the  principal  types  of  people  in  a  modern  research  community.  It 
also  provides  a  shocking  picture  of  the  size  and  significance  of  the 
research  support  personnel.  Moreover,  it  helps  institutional  data- 
gathering  and  policymaking  if  we  have  first  classified  individuals 
according  to  their  primary  purpose. 

Each  of  the  classes  of  individuals  has  well-defined  roles  that  de- 
termine the  traditional  relationship  with  one  another.  If  we  under- 
stand the  composition  of  the  establishment,  we  should  be  able  to 
formulate  policy  that  facilitates  the  achievement  of  research  goals. 

Note  that  the  support  vypes  are  in  the  middle  between  the  re- 
searcher and  the  sponsor.  This  places  them  in  a  brokerage  position, 
making  them  valuable  to  both  sponsor  and  the  researcher. 

You  will  notice  that  there  are  12  functional  classes  in  the  SRA 
taxonomy  for  research  support  people.  They  range  from  grants  and 
contracts  officers  down  to  medical  support  personnel. 

If  you  will  turn  to  the  next  page,  you  will  see  a  model  that  is 
used  to  classify  these  individuals.  Universities  use  a  variety  of  or- 
ganizational structures  and  support  positions  to  administer  re- 
search funds.  These  positions  are  shown  in  table  IV-1. 
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Tj&Lo  IV-1 

The  typical  Divisional  Patterns  Used  by  Ihlversitics 
to  Organise  Their  Research  Support  Activities 
in  Great*  and  Ccotractsbtfices 


Diractors  of  Grant* 
and  Contract  Off  lew 


Pre-ousn2 
Division 


Division 


Pre-ouerd  aid 
Rast-ewrd 
Integration 


Director  of  Research 
&  Develcpeent 

Director  of  Caaanity 
Support 

Director  of  Prcpara- 
tlcn/Revlev  \ 

General  Mgr.  of  Devat. 

Dean/Director  Office 
of  Research 


Director  of  Ites.  AKn, 

Director  of  Grata  & 
Contracts  Akin. 

Director  of  Projects 
Dcvsc.  &  Mriii. 


Aoooc.  General  Mgr. 

Deputy  Dir.  Res. 
DcN-clofCEK 


Assoc.  Dir.  Contracts 
&  Grants 

Dir.  of  Prog. 


Assist.  Dir.  for 
Research  Services 

Assist.  Dir.  of 
Progna  Devct. 

Assist.  Dean  for 
tea/Rao  Proa 


Assist.  Dir.  of 
Research  Adda. 

Assist.  Hjr.  Sjponsored 
Progs.  Aoctg,  Office 


Coord.  Sponsored 
Prognrw 


Sr.  Grants  &  Contracts 
Adslnlstrator 

Coord.  Grants  &  Con. 

Adknla.  Grants  & 
Contracts  Office 


Director  of  Sponsored 
Program 

Director  of  Res.  Scrv, 
Director  of  Research 

Director  of  Prog. 
Devoc.  &  Acfcin? 

Director  hard  Mgct. 
&  Resources  InfoT 

Dir.  rod.  Res.  ftodlngl 
Scrv.  Office  Res.  & 
Prog.  Adaln. 

Interns  (AAdnistra- 
tivt) 


MKEQCRJ  & 
DEAJ5 


Assoc.  Dir.  Spcoxred 
Prograss 

Deputy  Dir.  of 
Sponsored  Prog. 


ASSOCIATE  & 
DIKECTDHS 


Assist.  Dir.  Office  of 
Prog.  &  Devat.  Adsln, 

Assist.  Dtr,  Sponsored' 
Program  Adbdn. 

Assist.  Dir.  Sponsored! 
Frojectsy&is.  Affairs 


ASSISTANT 


Sbcoaored  Projects 
Adslnistrator 

Prognca 


Administrative 
Assistants 


AtMNlSnWTVE 
COCKDIKAIDRS 

AMKISWATrVE 
ASSISTANTS 


Some  universities  use  a  preaward  division,  some  use  a  post- 
award  division,  and  some  use  an  integrated  approach,  but  some 
place  within  the  university  there  is  someone  with  the  title  "Direc- 
tor of  Research  Sponsored  Programs."  There  are  assistants,  there 
are  coordinators,  and  there  is  a  whole  list  of  other  types  of  clerical 
support. 

The  next  page,  table  IV-3,  you  see  the  composition  of  the  people 
Who  are  directors  of  contract  offices.  You  get  some  idea  from  a 
sampling  of  about  20  institutions  of  how  many  males  and  females 
you  have  and  a  salary  range.  You  can  see  where  some  of  the  costs 
associated  with  research  go,  if  you  are  talking  about  people  who 
are  in  support  positions. 
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Gender' and  Sfllfl** 
Grant  and  Contract 

£  of 

Officers 

Position  Title 

Hale 

Beanie 

Salary 
Baqge 

Average 
Salary 

Director  of  Jeesarch  Develcpcent 
Director  of  Comity  Support 
Director  of  Sponsored  FrogrJMS 
Director  of  Cbnt&CtegctAto. 
Director  of  Research  Deuft  &  Adcliu 
Director  of  Itomrch  AAdrdtratim 
Director  of  Project;    „  _ 
•Director  of  Prog.  i*^.  &  rainj 
Director  of  Preperatlon/EevlwWv. 
Director  of  Thlv.  Res.OFbuDdstion 
OontMCt/Greot  Specialist 
Project  fapreemtariw 


Grants  Manager 
H^"1  tfltjwe 


Officer 


Associate  Director 
Deputy  Director 
Aarfstsnt  Director 
Adrfnistratlve  Assistant 


6 
2 
1 
3 

1 
1 
1 
A 
A 
2 
3 
A 
3 
6 


22000- 
28930  ■ 
25548« 
59100  ■ 
30795 

45500 
29224 
45152 
17950 
16200 
17992 
33521 
27230 
38600 
22000 
18000 


•  22000 
■  452A0 

-  44016 
-59100. 
-40500 

-45500 

•  29224 

•  45152 

•  27750 
-.37100 

-  20000 

-  A1712 
-66040 

-  52200 
-45403 


22000 
35995 
36471 
59100 
34098 

45500 
29224 
45152 
22415 
25700 
22918 
37616 
48649 
45386 
32665 
.  18000 


Total 
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Dave  Canham,  another  study  group  member,  has  designed  a  pat- 
tern for  classifying  business  and  fiscal  officers,  still  another  func- 
tional group  within  this  research  support  group  that  we  have. 


TfcbleVI-I.  A  Pattern  for  Classifying  Badness/Fiscal  Officer  Positions 


Vice  President  Financial  Affairs 

wo** 


!  ! 
!  DIVISION.  ! 
!     RKK  ! 

!      ,  ! 

I 

ockhouh; 

1  n 

! 

!  AOCOKmC 
! 

m 

BOSDSSS 
AFFAIKS 

!  IV 
!  FISCAL 
!  HKWaQff 
! 

!  V 
!  BUDGETEC 

1         VI  ! 

:  ADXoasnwnvE ! 

!     SERVICES  ! 

!  Settlor  1 
!  Level  ! 
I  Mrafigeoeat  1 

QpntTPt'|*r 

!  Accounting 
!  Manager 
! 

Business 
!  Manager 

!  Director 
!  Fiscal 
!  Services 

!  Dlrertor 
!  Budgeting 

1  Director  I 
!  Administrative  ! 
t  Service  ! 

!  ! 
!  Jxdoc  I 
!  level 
|  Mjofigaent 

Asslstsnt 

! 

!  Director  of 
!  Accounting 
! 

!' 

t  Assistant 
t  Business 
t  Mfloager 

! 

!  Fiscal 
!  Manager 
! 

!  Asslstsnt 

!  Manager 
!  Budgets 

! 
! 
! 
i 

! 
! 
! 
! 

!  Chief  or 
!  Senior 
!  Accountant 
! 

!  Director 
!  Fiscal 
!  Services 
! 

! 

f* Senior 

!  Openstlnoal ' 

!  Positions 

Ajdit 
!  Stfervinor 

!  Fiscal 

!  Coordinator 

I 

! 

!  Budget 
!  Analyst 

!  i.n.ni 

! 

!  Junior 
!  Cyexatlrral 
!  Petitions 

t  Auditor 

!  Accountant 

!  i.n.raw 

! 
! 

!  Fiscal 
! 

!  i(n,m 

! 

!  Accounting 

! 

!  Para- 

!  Professionals 

t. 

!  Aycrenticis 

I 

! 

!  Accounting 
I  Associate 
! 

! 
! 
! 

!  Accounting 
!  Tarhrirlna 
! 

! 
1 
! 
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There  have  been  10  other  study  members  who  have  made  inten- 
sive studies  of  their  functional  classes  and  have  provided  a  current 
picture  of  the  composition  of  their  category  of  research  support. 

Taken  together,  these  12  studies  provide  the  best  indicators  of 
what  positions  are  included  in  the  university  research  infrastruc- 
ture. . 

The  study  group  estimates  that  currently  75  percent  of  the  total 
research  .personnel  are  employed  in  support  positions.  If  you  will 
turn  two^pages  over,  you  will  see  a  copy  of  the  SRA  summary  re- 
sults. He  you  see  ?an  example  of  where  institutions  have  1,700 
facilities  out  7,300  support  personnel,  giving  them  a  percentage  of 
faculty  at  19  j>ercent  with  81  percent  of  support  people.  If  you  will 
look  af the  amount  of  money  that  they  are  getting  in  the  way  of 
Federal  research  funds,  you  see  that  they  are  getting  over  $200 
million  in  Federal  support  to.  support  research. 

Some  idea  of  the  size  pf  the  group  can  be  found  if  we  look  at 
table  II,  called  an  "Analysis  of  Research  at  Selected  University  De- 
partments (1939-40)."  At  that  time  Vannevar  Bush  reported  that 
there  was  approximately  82  percent  faculty  in  relation  to  18  per- 
cent support  people  in  1940,  in  the  beginning  where  university  re- 
search began  to  really  teke  off  and  grow  very,  very  rapidly. 
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Figure  1. 

IF2.0     The  SRA  Taxonomy  For  the  Research  Support  Personnel  within  the 
Research  Establishment 


RESEARCH  ESTABLISHHSNT 


    TYPES  j 

f  /Research^\ 
Students     J    f  Researchers  J    f      I    Support  J 

 /  v     J  versonnely 


Doctoral 

Master 


Undergrade 


Continuing 
Education 


Post 
Doctoral 


FUHi  TIONAL  CLASSES 


Principal 
Investigators 


Co Investigator 


Research 
Fellows 


Research 
Associates 


Medical 

Research 

Support 


Academic 
Officers 


Centers  & 
Institutes 


Agricultural 
Extension  6 
Experimental 
Stations 


I     Sponsors  I 


Grants  & 
■  Contracts 
Officers 


Program  Development 
Officer 


Business 
Managers 


I  Animal 
""^retakers 


""Research 
Shops  , 
Personnel 


Lab 
Per 


loratory 

:1 


Clerical 
Personnel 


Other 
RSP 


—  Foundations 


Federal 
Government 


Industry 


i 


State 
CovetngentS- 


Universities 


-G 


Voluntary 
.'isoclations 


—  Philanthropists 
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Many  of  us  still  hold  that  outmoded  concept  in  mind,  that  we 
thinK  of  an  investigator  and  maybe  a  part-time  person  supporting. 
Thai  type  of  research  still  exists  in  universities,  but  it  is  not  the 
type  of  university  research  that  we  really  have.  We  have  a  few  in- 
vestigators and  a  large  support  group. 

One  of  the  problems  that  comes  up  is  the  indirect  cost.  Reducing 
rapicUy.mcreasing  indirect  costs  is  of.  considerable  concern  to  the 
.Congress,  to  the  scientific  community,  and;  to  users  of  basic  re- 
search and  technological  innovation^  TOe  disproportionate  continu- 
ous, rising,  indirect  cost  for  uiuyersity  research  isjohe  of  the  most 
serious  anifcreqiiently. discussed  j  problems  confronting  the  academe 
today.  That  rise  in  indirect  costs  can.be  partially  explained  by  a 
related  rise  in  the  percent  ofresearch  support  people  in  universi- 
ties. 

We  constantly  talk,  about  the  rising  indirect  cost  rates.  We  must 
constantly  think  also  about  the  inirastaoicture  that  it  takes  to  sup- 
port that,  and  the  infrastructure  is  pretty  much  captured  in  our  in- 
direct cost  return. 

If  one  reviews  the  arguments  for  indirect  costs,  it  is  obvious,  that 
Neither  -^university  administrators  nor  Government  officials  Iaiow 
enough  aboufr-the  support  cost;  nor  ^do  they  have  the  foundation  in- 
formation on  the  research  support  personnel,  to  justify  those  costs 
*  to'  theri &fculty  or  to  $he? taxpayer; 

Earlier  we  mw  that  research  support  people  are  estimated  to  be 
at  least  75  percent  of  the  total  Research  personnel.  They  can  be  di- 
rectly or  indirectly  identified  with  some  kind  of  research  function. 

At  this  time  we;  should;  look  at  the  total  cost  of  university  re- 
search. Tlfet-mean^  at  the  direct  cost  and  the  indirect 
cost,  and-  then  look  at  the*  contribution  that  research  support 
People  n^(^A  thfee  costs;  '  1  '  ' 
**Sin6e ^  m^^umyersities  cannot  presently  determine  exactly  who 
arid  for  hoftr  mu^time  each  research  ^support  personnel  is;  as- 
signed to  an  orgaai^l^e^ch  uni£  if  laimpossible  to  say  precise- 
ly what  the  mix  of  costs  are  within  university  organized  research 
budgets,  but  one  /writer  guessed  that  the  principal  investigator 
costs  Sre  less  than  20  percent  of  total  direct  cost  for  research  and 
that  research  support  people  account;  for  more  than  50  percent  of 
the  total  research  cost.  Moreover,,  the  trend  is  for  more  research 
supp6rt;costs;  thus,  higher  indirect  cost  rates. 

Figure  4  shows  three  university  research  administrators*  opin- 
ions about  what/the  relationship  and  the  distribution  might  be 
among  mqjor  cost  factors  in  university  research.  Exact  knowledge 
of  this  ratio  should  be  determined. 
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FIGURE  4.  A  GRAPHIC  REPRESENTATION  OF  ESTIMATED  RSP  COSTS  IN  RELATION 
*-   TO  TOTAL  -UNIVERSITY  RESEARCH  COSTS. 


TOTAL    RESEARCH  COSTS 


E21     RSP  Cone*  D    Other  Coots 


During  the  past  5  years  I  have,  given  the  questionnaire  on  size 
and  significance  of  research  support  personnel  to  several  hundred 
faculty  and  science  policymakers  to  determine  their  image  of  the 
size  and  significance  of  the.  research  support  personnel.  Most  of 
those  interviewed  have  dangerously  low  estimates  of  the  size  of  this 
group  alnd  :fcbld*an .  outmoded^pirture^of  how  research  is  organized 
§tnd  conducted:  on. today's  campus. 

Mpreover,  they  conceive  of  university  research  in  an  antiquated 
and  parochial  fashion^  Most  look  upon  university  research  as  being 
confined  to  l>asic  lisearcH*  This  narrow,  personal  image  is  rein- 
forced by  the  Bowman  model  for  America  .research  which  was 
adopted  informally  by  JheTFederaL Government  in  tfie  forties  when 
Vanneyar  Bush  sent  to  President  Harry  S.  Truman  his  recommen- 
datipns ifor the ady  ^oement  of  natiorial  research, 

Isaiah  Bowman,  in  his  recommendations,  maintained  that  scien- 
tific research  could  be  divided  into  three  broad  categories:  one, 
pure,  research;  two,  background  research;  three,  applied,  research 
and  development. 

Briefly  stated,  Bowman  suggested  that  pure  research  should  be 
performed  by  universities  and  applied  research  and  development 
should  be  conducted  by  industry,  with  some  being  done  by  Govern- 
ment labs.  He  provided  an  elaborate  rationale  to  explain  the 
proper  roles  and  relationships  of  public  and  private  research  orga- 
nizations and  to  guide  the  Government's  aid  to  them. 

Today,  the  National  Science  Foundation  uses  categories  1  and  3 
of  the  Bowman  model  to  gather  scientific  information  from  univer- 
sities. Most  agency  directors  and  university  administrators  have 
adopted  the  conventional  rationale  set  fortn  by  Bowman  in  "Sci- 
ence— the  Endless  Frontier." 

A  large  part  of  existing  Government  and  university  policy  starts 
with  the- Bowman  model.  Today  policymakers  now  use  current  NSF 
data  and  the  Bowman  model  to  formulate  new  policy. 

It  is  my  opinion  that  the  Bowman  model  is  inappropriate  for  un- 
derstanding today's  research  activities,  as  it  discourages  scientific 
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interaction  and  it  does  not  allow  a  quantification  of  the  products  of 
research.  I  suggest  that  the  1984  model  to  classify  university  re- 
search activities,  which  you  will  see  on  the  next  page,  is  more  rep- 
resentative of  what  the  universities  presently  do  and  is  a  more 
powerful  and  precise  model  for  information  gathering  on  university 
research.  More,  importantly,  this  model  encourages  the  develop- 
ment of  industrial  as  well  as  Government  sponsorship  of  university 
research.  The  1984  model  is  more  realistic  as  it  shows  the  vast 
scope  of  innovative  problem-solving  activities  that  society  currently 
demands^of  the  university,  in  .  addition  to  the  university's  conven- 
tional training  mission. 
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A  MODEL  FOR  CLASSIFYING 
UNIVERSITY  RESEARCH  ACTIVITIES 


CLASSES  OF 
ACTIVITIES 

BASIC 
RESEARCH 

APPLIED 
RESEARCH 

DEVELOPMENT 

PRODUCTION 
RESEARCH 

TECHNOLOGICAL 
INNOVATION 

A 

DISCIPLINARY 
IMPERATIVES  ' 

SOCIAL 
UTILITY 

ORGANIZATION 
PRIORITIES 

MARKET 
MANDATES 

SOCIAL/DISCIPLINAR\ 
NEEDS 

DDfKFQQ  n 
rl\U~iLoo  a 

ryn|  HDIMG 
LArLUKifib 

NATURAL/HUMAN 
PHENOMENA 

KtNUtKlNb 
.  INTO 
PRACTICE 

CTCDDIMr 

bltrrlllb 
UP- A  MODEL 
SOLUTION 

DDnniirTiwiTV 
rKUUUL 1 1V1 1 i 

IMPROVEMENT 

IMTDDniCrlDI  fMADV/ 

1 a  1 tKU 1  all rLl NAKY / 
INTERSECTOR  • 
IDEAS 

OUTPUTS  c 

KNOWLEDGE 

ARTICLE 

ALGORITHM 
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Policymakers  must  understand  that  universities  perform  the 
vital  task  of  creating  new  knowledge,  of  inventing  new  devices,  of 
developing  prototypes,  of  improving  production  of  goods  and  serv- 
ices, and  of  transferring  technology. 

Not  only  has  the  scope  of  the  work  of  the  university  expanded, 
but  the  volume  of  the  work  has  increased  many  hundredfold.  In 
1939  to  1940  the  total  university  research  expenditure  was  $30  mil- 
lion. In  1985  the  expenditure  is  well  over  $10  billion,  a  300-fold  in- 
crease. 

m  Universities  have  been  transformed  in  the  past  40  years.  Univer- 
sity research  is  big  business.  It  provides  the  fuel,  innovation  that 
propels  our  technological  society.  Slow  the  production  of  these  in- 
novations and  American  technology  is  slowed.  There  is  a  wide- 
spread perception  that  scientists  and  engineers  are  usually  the 
people  who  conceive  our  inventions.  This  is  true,  but  we  have  scoto- 
mas in  our  national  and  institutional  policies  that  have  long  ex- 
cluded the  research  support  person,  a  group  essential  for  universi- 
ties to  conduct  modern  science  and  to  produce  an  expanding  varie- 
ty of  innovations.  To  draft  policy  that  will  facilitate  research,  we 
must  not  only  have  new  data;  we  must  have  realistic  personal  per- 
ceptions of  the  subject  and  valid  models  to  follow. 

"  I Jam  pleased  that  the  Science  and  Technology  Committee  has 
structured  a  broad-ranging  study  of  Government  science  policy.  A 
comprehensive  reassessment  of  the  relationship  among  the  organi- 
zations and  the  research  establishment  is  much  needed.  Your  hear- 
ings are  most  timely,  as  I  believe  that  our  research  universities  are 
caught  in  a  great  wave  of  technological  change  that  requires  both 
national  and  institutional  poUqymakers  to  assess  both  our  policy 
and  our  national  models,  in  light  of  four  decades  of  dramatic  uni- 
versity transformation  that  promises  to  become  increasingly  more 
rapid  in  the  remaining  years  of  this  century. 

Hopefully,  the  results  of  your  study  will  stimulate  and  provide  a 
guide  for  self-studies  by  universities  and  professional  associations. 

I  thank  you. 

[The  prepared  statement  of  Dr.  Hensley  follows:] 


53-277  0-86-5 
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The  Significance  of  Research  Support  Personnel 
(RSP)  to  University  Research 
and  Their  lopact  on 
Research  Policy 

I  am  Oliver  Hensley,  Associate  Vice  President  for  Research  at  Texas 
Tech  University  and  Chairman  of  the  Society  of  Research  Administrators 
Study  Group  on  RSP.    I  want  to  thank  the  Task  Force  for  Inviting  tae  to 
testify  about  the  significance  of  Research  Support  Personnel  (RSP)  to 
university  research  and  about  their  impact  on  national  and  university 
research  policy.    The  topic  Is  most  important  to  the  continuing 
excellence  of  university  research  and  to  the  welfare  of  the  nation. 

The  Task  Force  has  asked  for  a  broad  review  of  the  entire  question 
of  the  composition  of  the  university  research  infrastructure  and  the 
role  of  the  government  In  providing  and  maintaining  it. 

I  will  begin  by  sharing  with  you  some  personal  impressions  about 
research  support  personnel  and  then  point  out  some  of  the  highlights  of 
recent  developments  from  the  comprehensive  SRA  Study  of  the  RSP.  (1) 
The  significance  of  the  RSP  to  research  is  not  understood  by  policy 
makers;  consequently  they  have  been  ignored.    (2)  The  exact  size  of  the 
total  RSP  population  Is  not  presently  known*  but  there  are  estimates 
that  they  number  more  than  a  half-million.    (3)  The  present  national 
cost  of  maintaining  university  research  support  personnel  is  enormous 
and  their  costs  are  Increasing  at  an  astounding  rate.    (4)  Quality 
support  services  can  be  maintained  with  a  strong  Congressional 
commitment  to  support  this  part  of  the  infrastructure.    (5)  The  direct 
and  Indirect  cost  reimbursement  mechanism  associated  wlch  project 
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funding  is  an  adequate  and  a  fair  way  of  maintaining  the  infrastructure 
if  policy  makers  will  accept  the  fact  that  the  FULL  costs  for  research 
must  be  recovered  for  every  project  and  if  policy  makers  will  update 
their  personal  perceptions  and  formal  models  to  keep  pace  with  the 
changing  times.    And,  (6)  a  continuing,  comprehensive  study  can  be  made 
of  the  RSP  and  other  segments  of  the  infrastructure  if  Congress,  the  NSF 
and  the  professional  associations  such  as  SRA  will  arrange  for  and 
support  zhe  periodical  exchange  of  timely  information.    Your  hearings 
are  an  excellent  start  in  that  direction.    The  SRA  will  respond  by 
inviting  one  of  your  members  to  speak  about  the  Task  Force  agenda  at  our 
national  conference  in  St.  Louis  on  C"toher  1,  1985. 

In  a  moment  1'wlll  provide  some  crude  indicators  of  the  size  and 
composition  of  the  RSP  which  in  my  opinion  currently  constitutes  the 
greatest  single  segnent  of  university  research  costs.    As  an  expenditure 
item  in  the  annual  budget  it  is  fr~  greater  than  buildings,  equipment* 
materials  and  supplies  and,  yes,  even  larger  than  the  costs  for  the 
support  of  principal  investigators.    This  is  not  a  commonly  held  opinion 
in  the  research  establishment  as  the  data  to  support  this  opinion  is 
scanty  and  the  thesis  only  recently  formed.    Nevertheless,  there  is 
mounting  evidence  that  support  personnel  are  now  the  largest  group  on 
campus  if  students  are  excluded. 
The  Significance  of  RSP  Is  Not  Understood 

The  SRA  Study  Group  on  RSP  found  that  Federal  agencies,  university 
associations  and  the  professional  societies  have  not  valued  the  RSP 
enough  to  distinguish  them  from  other  groups  and  then  to  study  them. 

They  also  found  that  there  was  vide  acknowledgement  that  RSP,  the 
largest  group  of  personnel  in  research  universities,  excluding  students, 
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«re  essential  to  the  continued  advancement  of  science ,  to  the 
achievement  of  the  specific  missions  of  post-secondary  Institutions ,  and 
t   American  technological  leadership.    Yet,  this  vital  group's  value  for 
science  remains  largely  unrecognized;  Its  size,  contributions ,  and 
composition  universally  unknown;  and  the  field  generally  Ignored  by 
disciplined  Inquiry.    A  literature,  search  brought  out  the  fact  that  the 
RSP  are  Incidentally  mentioned  In  studies  by  the  National  -Research 
Council,  the  National  Academies  and  the  federal  science  agencies  "as 
large  groups  of  people  vital  to  the  success  of  the  research  enterprise" 
and  then  these  agencies  effectively  Ignore  the  problems  of  the  RSP  by 
Immediately  mo\-,ig  on  to  what  they  consider  to  be  more  critical  Issues. 
In  a  survey  of  major  research  universities ,  the  Study  Group  had  a  very 
poor  response  from  officers  responsible  for  personnel  data  gathering. 
They  disclaimed  any  responsibility  for  distinguishing  this  class  of 
employee  as  the  RSP  are  not  perceived  to  have  a  high  priority  for  study 
within  their  Institutions. 

For  some  time,  the  Society  of  Research  Administrators  has  realized 
that  many  vital  national  and  Institutional  Issues  could  not  be  addressed 
by  the  unlveralty  and  their  several  sponsors  until  a  working  definition 
and  a  comtran  classification  system  was  developed  for  research  support 
personnel.    They  recognized  that  the  lack  of  knowledge  about  the  RSP  was 
the  PRIMARY  PROBLEM  leading  to  a  host  of  secondary  difficulties  related 
to  the  government/university  partnership;  creating  numerous 
instltutlonal-operatlng-problems  directly  affecting  the  dally  activities 
of  the  principal  investigator;  and  Instigating  many  personal 
difficulties  related  to  morale*  productivity ,  and  job  satisfaction  of 
the  research  support  person.    For  example,  the  secondary  problems  of 
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capping  Indirect  costs,  of  decaying  support  services,  and  of  technical 
personnel  shortages  within  academe  and  industry  stca  from  inadequate 
information  on  the  RSP.    Also,  valid  Information  related  to  this  group 
Is  essential  to  thn  developaent  of  modern  university  personnel 
management  systeas  and  to  the  rccruitaent,  morale,  and  retention  of 
tfcepe  easentlal  Individuals  within  the  academy.    Effective  and 
employee-accepted  subsysteas  for  performance  appraisals,  job 
classification  and  equitable  employee  Incentives  ire  dependent  upon 
national  corns  for  particular  Jobs.    Development  of  these  key  systeas, 
their  specific  components,  and  employee  satisfaction  with  their 
university  Jobs  requires  basic,  national  Information  and  specific 
Indicators  related' to  this  group. 

In  1983  the  Society  established  a  Study  Group  to  Investigate  the 
problems  related  to  the  RSP.    After  two  years  of  investigation  the  Study 
Group  has  developed  an  acceptable  definition,  a  functional 
classification  system  and  in-depth  analysis  of  divisional  RSP  patterns 
In  universities.    Research  Support  Personnel  (RSP)  are  now  defined  as 
those  Individuals  (other  than  students)  who  render  assistance  directly 
or  indirectly  to  principal  or  co-investigators.    Research  Support 
Personnel  may  be  assigned  directly  to  a  project  or  they  aay  provide 
Indirect  or  occasional  assistance  to  the  researcher  or  project  director. 
This  heterogeneous  group  of  employees  Includes  Ph.D. -level  analysts, 
special  mechanics,  and  general  clerical  and  accounting  personnel,  as 
well  as  academic  administrators. 
Soae  Indicators  of  the  Composition  of  the  RSP 

To  give  us  a  common  frame  of  reference  I  call  your  attention  to 
Figure  1,  Taxonomy  for  Research  Support  Personnel  Within  The  University 
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Figure  1. 

IF2.0     The  SRA  Taxonomy  For  the  Research  Support  Personnc*  /ithln  the 
Research  Establishment 
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Research  Establishment.    Thia  model  tttcapts  to  explain  In  a  graphic 
fashion  the  composition  and  cocplex  interactions  of  the  principal  types 
of  people  In  tha  modern  research  cossunlty.    It  helps  In  our  data 
gathering  and  policy  caking  If  we  can  classify  Individuals  first  by 
their  primary  purposes  as: 

(1)  Students 

(2)  Researchers 

(3)  Research  Support  Personnel 
(A)  Sponsors 

Each  of  theso  classes  of  Individuals  have  well  defined  roles  that 
deteralne  the  traditional  relationships  with  one  another.    If  we 
understand  the  composition  of  the  establishment,  we  should  be  able  to 
formulate  policy  that  facilitates  the  achievement  of  tesearch  goals. 
Note  that  the  support  types  are  In  the  middle  between  the  researcher  and 
sponsor.    This  places  them  In  a  brokerage  position  making  chea  valuable 
to  both  the  sponsor  and  the  researcher. 

You  will  notice  that  *ncre  are  twelve  functional  classes  In  the  SRA 
Taxonomy  of  RSP. 

o  Grant  snd  Contract  Office  Directors  o  Frograa  Development  Officers 
o   Business  Managers  o    Animal  Care  Personnel 

o   Research  Shop  Personnel  o    Laboratory  Personnel 

o    Clerical  Personnel  o    Academic  Officers 

o    Research  Center  Personnel  o   Agricultural  Extension 

Personnel 

o   Medical  Personnel  o    Other  KSP 

Within  each  of  the  functional  classes  you  will  notice  Divisional 
Patterns  such  as  those  Dr.  Charles  Gale  has  prepared  lv£  the  Directors 
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Table  IV-1 

The  Typical  Divisional  Battens  Used  by  Universities 
to  Ornaiise  Their  Research  Support  Activities 
in  Grants  cod  Contracts  Offices 
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TA&EIV-3 
Gender  and  Salary  of 
Grant  and  Contract  Officers 


Position  Title 
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of  Grant  and  Contract  Offices,  Table  IV-1.    In  Table  IV-3  a  further 
analysis  is  made  of  the  composition  of  the  class  by  providing  statistics 
on  gender  and  salary. 

Dave  Cannam,  another  Study  Grovp  member,  has  designed  A  Pattern  for 
Classifying  Business/Fiscal  Officer  Positions  (Table  VI-1)  and  has 
completed  a  thorough  analysis  of  gender  and  salary  ranges  for  577 
subjects  in  fiscal  officer  positions.    Ten  other  Study  Group  members 
have  made  intensive  studies  of  their  functional  class  and  have  provided 
a  current  picture  of  the  composition  of  their  class  of  RSP.  Taken 
together  these  studies  provide  the  best  indicators  of  what  RSP  are 
included  in  the  university  research  infrastructure. 
The  Size  and  Growt'h  of  the  RSP.    Currently  no  one  in  the  United  States 
knows  the  size  of  RSP  in  American  universities.    This  lack  of  knowledge 
leads  to  e  number  of  misconceptions  of  the  composition  of  the  research 
establishment  and  the  significance  of  the  RSP  to  higher  education  and 
research  advancement.    Although  there  are  no  current  official  records, 
one  can  obtain  an  idea  of  the  growth  of  the  RSP  In  the  university  from 
occasional  statistics  related  to  different  groups  within  the  university. 
Statistics  such  as  those  published  by  Bush  (13a)  show  that  selected 
university  departments  held  a  ratio  of  82Z  professional,  to  18Z  support 
personnel  in  1939-1940. 


Tabic  VI-I.  A  Pattern  for  Classifying  Business/Fiscal  Officer  Positions 
Vice  President  Financial  Affa.*^ 
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The  SRA  Research  Cosnittee  guessed  in  1983  that  there  were  probably 
3  or  more  RSP  for  every  investigator  in  their  institutions  .(76). 
Although  limited  to  20  institutions ,  the  returns  of  the  1983  SRA  Survey 
support  that  estimate  shoving  a  ratio  of  25Z  of  Faculty  to  7SZ  Support 
Personnel.    These  figures  exclude  graduate  and  undergraduate  students. 
From  these  information  sources ,  Kens  ley  and  Grace  (CC)  made'  the. 
following  rough  estimate  for  distribution  of  research  support  personnel 
in  research  universities  in  1984  and  they  estimated  the  total  RSP  In 
American  universities  to  be  well  over  500,000  members.  Unfortunately, 
there  has  been  no  exact  determination  of  their  number,  but  the  Summary 
results  from  the  SRA  Survey  of  RSP  1983  show  the  wide  range  of 
percentages  of  RSP" In  individual  universities.    As  one  mlgftr  expect  the 
research  universities  had  a  much  higher  percentage  of  ESP  than  did  the 
institutions  with  an  undergraduate  Instructional  orientation.  One 
Research  Institution  reported  a  high  ratio  of  89Z  RSP  to  11%  faculty 
while  another  Institution  with  a  small  amount  of  research  reported  only 
a  S3Z  RSP  to  47. 1Z  faculty.    Although  the  correlation  Is  not  perfect, 
crude  preliminary  data  Indicates  that  higher  education  Institutions  with 
large  expenditures  for  research  have  a  high  percentage  of  support 
personnel. 

FIGURE  I.    ESTIMATED  DISTRIBUTION  OF  RESEARCH  PERSONNEL  WITHIN  THE  UNIVERSITY  1983. 
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A  comparison  of  1984  statistics  with  the  1939-40  statistics  show  a 
reversal  in  the  mix  of  professional  and  support  personnel.    Today,  there 
seems  to  be  more  RSP  than  researchers. 

If  we  are  to,  understand  the  phenomenal  growth  and  the  significance 
of  this  overlooked  group,  we  should  investigate  first  the  rapidly 
expanding  role  that  university  research  plays  in  American  society  as  the 
size  of  the  total  RSP  is  dependent  upon  that  variable.    Next,  we  should 
think  about  the  increasing  functions  that  the  RSP  assume  in  the 
development  of  research  as  their  value  is  related  to  their  performance 
of  support  activities.    All  of  us  make  decisions  based  on  our  personal 
images  of  real  world  subjects  and  on  professionally  accepted  formal 
models  of  what  the' collective  mind  tells  us  is  the  larger  and  more 
generally  accepted  representation  of  reality.    Our  policy  making  is 
derived  from  those  images.    Therefore,  any  review  oi  institutional  and 
national  policy  must  begitl  with  an  assessment  of  the  personal 
perceptions  of  policy  makers  about  the  size  and  significance  of  the  RSP 
to  modern  sconce  and  then  consider  those  images  in  the  mosaic  of 
existing  policy  that  guides  individual  actiona  and  inatitutional  data 
gathering. 

The  Cost  of  Maintaining  Research  Support  Personnel.    If  RSP  are  to.be 
maintained  the  Federal  government  must  supply  the  full  cost  of  federally 
sponsored  research.    Similarly,  industry,  the  states,  and  founoations 
should  supply  their  full  share  of  indirect  costs.    If  each  sponsor  pays 
their  freight  for  the  RSP,  there  will  be  few  problems  witL  maintaining 
the  university  research  infraatructure  .    Unfortunately,  the 
relationship  between  the  value  of  RSP  and  the  rising  indirect  cost  rates 
is  not  understood  by  many  members  of  the  research  establishment. 
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SRA  1983  SUHf—Of  RESULT 

FACULTY 

PERCENT 
OF 
TOTAL 

bUrirUKT 
PERSONNEL 

PERCENT 
OF 
TOTAL 

TOTAL 
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FEDERAL 
RESEARCH 
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4. 
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14,407 
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20.02 

2,200 

80.02 
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13. 
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20. 
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1,039,000 

TALS 

24,580 
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79,162 

76.32 

103,742 
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A  large  number  of  secondary  national  and  institutional  issues 
(attar iora ting  laboratory  conditions ,  personnel  shortages »  performance 
appraisals,  merit  salary  increases,  allocation  of  shrinking  resources, 
affirmative  action  employment,  and  rising  indirect  costs)  arc  constantly 
being  raised  in  every  quarter  of  the  research  community  and  each  could 
use  its  own  full  related  literature  search  to  convince  the  reader  of  the 
importance  of  the  RSP  to  each  issue.    We  will  review  in  this  testimony 
only  one  issue— the  relationship  of  the  increasing  RSP  numbers  and  their 
productivity  to  the  escalating  indirect  costs. 

Reducing  rapidly  increasing  indirect  costs  is  of  considerable 
concern  to  Congress,  to  the  scientific  community,  and  to  users  of  basic 
research  and  technological  innovation.    The  disproportionate,  continuous 
rising  indirect  costs  for  university  research  is  one  of  the  most  serious 
and  frequently  discussed  problems  confronting  the  academy  today.  Gross 
(33),  Warner  (83),  Wyngaarden  (86),  and  others  have  complained  about  a 
wide  range  of  problems,  yet  no  one  has  systematically  and  empirically 
identified  the  components  of  the  problem.    Lang  (47) ,  notes  that  the 
determination  of  what  is  an  "indirect"  cost  as  distinguished  from  a 
"direct  cost"  is  to  a  large  extent  arbitrary,  and  depends  on  political, 
subjective  judgments.    Lang  (48)  has  been  told  by  administrators  "that 
if  pressed  too  much  on  'indirect  costs'  university  administrators  will 
find  it  necessary  to  adapt  their  accounting  systems  to  claim  as  a  direct 
cost  what  is  nov  classified  as  indirect."    All  of  this  leads  into 
extremely  complicated  tertiary  questions  of  funding,  political 
pressures,  and  the  value  of  the  RSP.    Stokes  (75)  noted  in  his  analyses 
of  the  top  100  universities  indirect  cost  policies  that  there  were 
significant  differences  between  the  administrative  groups  (business 
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officers  end  research  administrators)  and  research  faculty  on  the 
general  topic  of  indirect  costs.    Also,  the  professional  societies  (26, 
31,  47)  have  accused  the  university  administrator  with  ducking  and 
dodging. tba,  fundamental  issue  of  indirect  costs,  *nd  have  characterired 
the  assignment*  o£  costs  as  a  four-dimensional  shell  game.  Several 
long-time  university  administrators  felt  the  conflict. between  feculty 
and  administrators  and  universities  and  eponsors  >hould  be  reduced  with 
*  rational  accounting  of  RSP  costs,  and  called  to  NCURA  and  SRA's 
attention  that  the  lack  of  standards  for  classification  prevents 
cooperation  between  the  fiscal  side  of  university  management  and  the 
science  side. 

When  testifying  to  the  Committee  on  Science  and  Technology  of  the 
House  of  Representatives  on  24  Kerch  1980,  David  Saxton,  President  of 
the  University  of  California,  recognized  varying  points  of  view  and 
acknowledged  that  there  was  vaat  disagreement  among  elements  within  the 
research  eatablishment  as  to  who  bears  the  expense  of  rising  indirect 
costs.    Ke  cautioned, 

In  trying  to  come  to  grips  with  this  issue  (of  Circular  A-21) ,  we 
are  not  dealing  with  a  couple  of  monoliths;  the  Federal  Government 
does  not  precent  an  absolute  unified  view  of  the  issues,  and  on  the 
oth-*r  side,  neither  do  the  universities.    Our  faculty,  for  example, 
is  as  convinced  as  Anyone  in  the  Government  that  indirect  costs  are 
too  high.    They  believe  that  indirect  costs  c&.ie  /u  the  expense  of 
their  own  grants. 
It  la  o*  vious  that  ;telthe£  university  edmtr.istrdtors  nor  government 
officials  know  enough  about  the  support  costs  nor  do  they  have  the 
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foundation  information  on  RSP  to  justify  these  coats  to  faculty  or 
taxpayers . 

Earlier  va  sav  that  RSP  ere  estimated  to  be  at  least  75Z  of  the 
totsl  research  personnel  vho  can  be  directly  or  indirectly  identified 
with  sorae  research  function.    At  this  time,  ve  should  look  at  the  total 
costs  of  university  research*  direct  costs  end  indirect  costs,  and  thfe 
estimated  contribution  Of  the  RSP  to  those  costs. 

Since  most  universities  cannot  presently  determine  exactly  vho  and 

for  how  much  tlmo  each  RSP  is  acsigned  to  an  organized  research  unit,  it 

is  impossible  to  say  precisely  what  the  mix  of  costs  are  within  the 

university  organized  research  budget •  but  one  writer  guessed  that 

principal  investigator  costs  are  less  than  20Z  of  total  direct  costs  for 

research  and  that  the  RSP  account  for  more  than  SOX  of  total  research 

costs  and  that  RSP  costs  are  rapidly  growing.    Figure  4  shows  three 

university  administrator's  opinions  about  what  the  relatlonahlp  and 

distribution  might  be  among  the  major  cost  factors  In  university 

research  (CF).    Exact  knowledge  of  this  ratio  should  be  determined. 

FIGURE  A.    A  GRAPHIC  REPRESENTATION  OF  ESTIMATED  RSP  COSTS  IN  RELATION 
TO  TOTAL  UNIVERSITY  "RESEARCH  COSTS. 


TOTAL    RESEARCH  COSTS 


Direct  Costs 


Indirect  Costs 


O     RSP  Cents  Q    Other  Costs 


141 


Anderson  (3),  Hensley  (40),  and  Jung  (44)  have  postulated  that  the 
alarming  increaaea  in  agency  indirect  coat  rates  are  only  a  groas 
indicator  of  the  declining  quality  of  work  and  is  a  contributing  factor 
to  rising  aupport  coats.    They  analyzed  the  vork-social  interaction  of 
RSP  in  six  institutions  and  found  that  certain  employee,  spend  better 
than  80Z  of  the  "working  hours"  on  work  related  activitiea;  however, 
other  coployeea  spend  less  than  301  0f  their  working- tine  on  work 
related  activities.    These  findings'  should  be  acre  frightening  than  the 
150Z  increase  in  indirect  costs  as  these  costs  would  not  ahow  up  in 
indirect  cost  studies  (87). 

During  the  past  five  years  I  have  given  the  Questionnaire  on  the 
Size  and  .Signif icahce  of  RSP  to  several  hundred  faculty  «nd  science 
policy  makers  to  determine  their  inage  of  the  aire  and  significance  of 
the  RSP.    Most  of  those  interviewed  have  dangerously  low  estimates  of 
thft  sire  of  the  RSP  and  hold  an  outmoded  picture  of  how  research  is 
organized  und  conducted  on  today'a  capua.    Moreover,  they  conceive  of 
univeraity  research  in  an  antiquated  and  parochial  faahion.    Moat  look 
upon  univeraity  reaearch  as  being  confined  to  basic  research.  Thia 
narrow  personal  loage  ia  reinforced  by  the  Bowman  Model  for  American 
research  which  was  adopted  infernally  by  the  Federal  government  in  the 
forties  when  Vannevar  Bush  sent  to  President  Harry  S.  Truman  hia 
recommendations  for  the  advancement  of  national  reaearch.    Iaaiah  Bowman 
ia  those  recommendations  maintained  that  scientific  research  could  be 
divided  into  three  broad  categories:  (1)  pure  research;  (2)  background 
research;  and  (3)  applied  research  and  development.    Briefly  atated, 
Bowman  suggeated  that  pure  research  should  be  performed  by  universities 
and  applied  research  and  development  should  be  conducted  by  industry  with 


ERLC 


148 


142 


with  some  being  done  by  government  labs.    He  provided  an  elaborate 
rationale  to  explain  the  proper  roles  and  relationships  of  public  and 
private  research  organizations  and  to  guide  the  governments  aid  to  thee. 
Today*  HSF  uses  categories  (1)  and  (3)  to  gsther  scientific  Information 
from  universities  and  no at  agency  directors  and  university 
sdminlstratora  have  adopted  the  conventional  rationale  set  forth  In 
Science— -The  Endless  Frontier.    A  large  part  of  government  and 
university  policy  starts  with  the  Bowman  Model  and  then  uses  HSF  data  as 
their  base  to  formulate  policy. 

It  la  my  opinion  that  the  Bowman  Model  Is  Inappropriate  for 
understanding  today's  research  activities*  as  it  discourages  scientific 
interaction,  and  It  does  not  allow  a  quantification  of  the  products  of 
research.    I  suggest  that  the  1984  Model  for  Classifying  Unlverslt/ 
Research  Activities  Is  more  representative  of  what  universities 
presently  do  and  Is  a  more  powerful  and  precise  model  for  Information 
gathering  on  university  research.    More  Importantly  this  model 
encourages  the  development  of  Industrial  as  well  as  government 
sponsorship  of  university  research.    The  1984  Model  Is  more  realistic  as 
it  shows  the  vast  scope  of  Innovative  problem  solving  activltlea  that 
society  currently  demands  of  the  university.  In  addition  to  Its 
conventional  training  mission.    Policy  makers  must  understand  that 
universities  perform  the  vital  tasks  of  (1)  creating  new  knowledge,  (2) 
Inventing  new  devices,  (3)  developing  prototypes,  (4)  improving 
production  of  goods  and  sevlcee*  and  (5)  transferring  technology.  Not 
only  has  the  scope  of  the  work  expanded,  but  the  volume  of  work  has 
incressed  many  hundred-fold. 
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Universities  are  big  business*    They  provide  Che  fuel  and 
innovation  that  propels  our  technological  society.    Sic   the  production 
of  innovation  and  technology  is  slowed.    There  is  a  v.  i&pread 
perception  that  scientists  and  engineers  are  usually  the  people  who 
conceive  our  innovations— this  is  true;  but  nationally  we  have  scotomas 
that  have  long  excluded  the  RSF~~a  group  essential  Cor  universities  to 
conduct  modern  science  and  produce  an  expanding  variety  of  innovations. 
To  draft  policy  that  will  facilitate  research,  we  oust  not  only  have  new 
data,  we  must  also  have  realistic  personal  perceptions  of  the  subject 
and,  valid  models. 

I  am  pleased-  that  the  Science  and  Technology  Committee  has 
structured  a  broad*  ranging  study  of  government  science  policy.  A 
comprehensive  reassessment  of  thi  relationships  among  the  organizations 
In  the  research  establishment  is  much  needed.    Your  hearings  are  most 
timely,  as  I  believe  that  our  research  universities  are  caught  in  a 
great  wave  of  technological  change  that  requires  both  national  and 
Institutional  policy  makers  to  reas> ess  our  policies  and  national  models 
in  the  light  of  four  decades  of  dramatic  university  transformation  that 
promises  to  become  increasingly  more  rapid  in  the  remaining  years  of 
this  century.    Hopefully*  the  results  of  your  study  will  stimulate  and 
provide  a  guide  for  self  studies  by  universities  and  professional 
associations. 
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Mr.  Fuqua.  Thank  you  very  much,  Dr.  Hensley. 

Lthink  at  this  point  we.will  take  a  short  recess  while  we  go  vote. 
.  What  we  will  do  today,  in  the  interest  of  time,  because  I  also 
think  many  of  the  questions  are  interrelated  to  each  other,  is  that 
we  will  Hear  from  all  of  . the  other  witnesses  and  then  we  will  have 
queslions  at  the  end  of  everyone. 

Dr.  Hensley.,1  will  remain. 

[Recess  taken.] 

Mr.  FuftUA.  We  will  resume  the  meeting. 

VSTe  have  three  other  members  who  have  not  spoken.  If  the  three 
other -members  will  take  their  jplaces  at; the  table,  we  will  resume 
with:^» "Smith,  who,^ is  senior  vice  president  of  "the  Council  for  Fi- 
nance Aid  to  -Education. 

STATEMENT  OF  HAYOEN  W.  SMITH,  SENIOR  VICE  PRESIDENT, 
COUNCIL  FOR  FINANCIAL  AID  TO  EDUCATION,  NEW  YORK,  NY 

Mr,  Smith:  Thank  you,  Mr.  Chairman. 

It  is  a  pleasure  to  appear  before  this  task  force.  The  Council  is 
very  appreciative  of  the  opportunity  to  share  some  of  its  informa- 
tion and  hopes  that  it  wUl  be  usefiil  to  tHe.  work  of  this  committee. 
The  Council  is  known  throughout  the  corporate  and  academic 
worlds  as  CFAE.  I  will  use  those  initials  here. 

By  way  of  identification,.  CFAETis  a  nonprofit  service  agency  cre- 
ated in  1952  by  eminent  business  leaders.  Its  purpose  is  to  encour- 
age the  widest  possible  support  of  higher  education  by  private 
donors,  especially  the  corporate  community  itself.  It  is  supported 
exclusively  by  voluntary  contributions  from  some  400  business  cor- 
porations, and  our  program  consists  of  research,  publications,  and 
consultatipns  with  business  executives— all  designed  to  encourage 
corporate  support  of  higher  education.  We  are  best  known  to  the 
corporate  crmmunity  at  large  through  a  public  service  advertising 
campaign  that  uses  the  well-known  slogan,  "Give  to  the  College  of 
Your  Choice." 

I  am '  appearing  here  today  to  provide  the  task  force  with  some 
information  on  the  extent  to  which  private  donors,  including  indi- 
viduals, industrial  firms,  and  foundations,  have  supported  the  ac- 
quisition and  maintenance  of  the  research  infrastructure  in  Ameri- 
can universities.  I  intend  .also  to  comment  on  current  and  future 
trends  of  this  type,  of  support  and  to  discuss  several  elements  of 
Federal,fiscal  policy  that  impinge  on  donors'  incentives. 

'Among  the  research  activities  for  which  CFAE  is  well  known  is 
its  annual  suryey  of  voluntary  support  of  education.  We  are  the 
only  agency  that  gathers  such  data,  and  we  are  the  leading  Author- 
ity on  this  tyi>e  of  information.  I  have  previously  furnished  to  the 
task  force  copies  of  our  1982-83  survey  report,  and  I  would  like  to 
walk  you  through  a  couple  of  the  numbers  in  here,  just  to  highlight 
thefiridings. 

If  you  will  turn  to  page  3  in  this  report,  you  will  find  charts 
which  depict  our  estimates  of  the  total  voluntary  support  received 
by  all  colleges  and  universities.  These  estimates  are  prepared  from 
our  survey  findings  and  they  take  into  account  the  relative  impor- 
tance of  different  kinds  of  institutions  and  the  differential  response 
rates  that  come  from  them. 
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Chsit  1.  Estimated  Uotunltry  Support  of  Cotisgss  «nd  Unlvsrtltle*  by  Msjor  Sources  snd  In  Totsl 
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The  chart  on  the  left  shows  that  voluntary  support  rose  from 
$2.16  billion  in  1975,.  which  was  a  recession  year,  to  $5.16  billion  in 
1983.  Although  we  don't  have  a  complete  analysis  of  the  data  from 
the  1984  survey  at  this  time,  there  is  enough  information  off  our 
computer  to  permit  an  estimate  of  $5.6  billion.  This  implies  the  pri- 
vate giving  to  higher  education  has  increased  at  an  average  rate  of 
11.2  percent  per  year  oyer  the  last  9  years,  which,  when  corrected 
for  inflation,  represents  a  real  growth  of  about  3.5  percent  annual- . 

ly. 

If  you  will  turn  to  page  4,  table  1  gives  a  breakdown  of  our  esti- 
mates by  source  and  by  purpose.  The  individual  donors,  you  will 
note,  account  for  roughly  half  of  all  voluntary  support,  and  the  dol- 
lars are  divided  about  equally  between  institutional  alumni  and  all 
other  individuals.  Business  corporations  and  private  foundations 
account  for  about  one-fifth  of  the  total;  the  remainder  comes  from 
religious  denominations  and  a  variety  of  other  sources. 
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Table  1.  Estimated  VoIonUiy  Scpport  by  Scarce  and  Purpow  (mfflioca) 


%  Chtnae.  iwtes 

1977-78       1961-8X       1861-83  v  IXISS    v  Ig77  73  ■ctt'fiyHEM 


TOTAL  yOLVNTAlTSVnOBT  $3,040  $4,880  $5,160  +  6.2  +  €9.7  +10.7 
Sottrees 

Nomlumnlludivlduab  768  1,097  1,100  +  8.4  +  55.4  +  50 

Foundations  623  1,003  1,018  +  1.4  +  63  4  +  68 

Business  Corporations  508  976"  1,112  +13.9  +116.9  +^29 

ReUgkx*  Denomination*  158  175  -206  +17.7  +  30  4  -14  1 

Other  -  *     "  •  '  271  369*  397  +  7.6  +  46.4  -  4.4 

Purposes 

Unrestricted  $  934  $1,348  $1,506  +11.7  +  61.2  +  5.2 

>  Physical  Hint.  447  747  791  +  5.9  +  77.0  +15.3 

♦Besearch  .  480  678  750  +10.9  +  56.3  +  2.1 

Student  Aid  429  658  689  ^4.7+60  8  +  47 

Faculty  Compensation  185  284  ,  334  +17.6  +  80.5  +17.4 

f^T  ,                      565  1,147!  1,090  -  5.0  +  92.9  +  25.8 

if  Current  Operations  $1,825     $2,870"  $3,125  +8.9    +712  +118 

CspiUl  Purposes  1,215      1,990*     2,035  +  W    +  67.4  +  9.1 

Price  jbdlcas  (1967- 100) 

Comumtr(CFl)  188.5      280.8      293.8  +  4.8    +  55.9 

'  HJgber  Education  (HEPI)  201.3      290.4      308.8  +  8.3    *  53.4  

«plSwS!?      EdWird  M*ntaefaodt:  Jt»of|77mailco  to  Himrd  Udwotty  tod  *3$  mfflko  to  WtAtottoo  Uchwtfy  fer'otbeT 

*<<     •  *  * 

I  call  your  attention  to  the  fact  that  support  from  the  business 
conununity  has  grown  faster  than  .that  from  any  other  source  since 
1978  and,  even  when  adjusted  for  inflation,  represents  a  gain  of  43 
percent  over  this:  period.  A  significant  part  of  this  extraordinary 
growth  consists  of  inventory  giving;  that  is,  gifts  of  products  manu- 
factured by  the  donor  companies.  This  form  of  giving  is  now  domi- 
nated by  the  computer  companies^  and  the  gains  are  known  to  be 
associated,  withrthe  Ecohomic  Recovery  Tax  Act  of  1981  which  pro- 
vided an  enhanced  deduction,  for  certain  contributions  of  this  type 
of  equipment. 

The  table  also  shows  that  about  60  percent  of  total  support  was 
designated  for  current  operations  and  about  40  percent  for  capital 
purposes,  including  endowment.  I  regret  that  our  data  don't  ade- 
quately distinguish  between  gifts  for  endowment  and  those  for 
buildings  and  other  physical  facilities. 

Since  the  interest  of  the  task  force  at  this  hearing  is  in  research 
infrastructure,  I  intend  to  provide  a  little  supplementary  data  that 
bears  on  this  interest.  < 

The  purposes  for  which  voluntary  support  is  given  are  shown  for 
two  general  categories.  About  30  percent  of  the  total  is  not  restrict- 
ed as  to  purpose  by  the  donors  and  may,  therefore,  be  allocated  by 
the  recipient  institutions  according  to  their  perceptions  of  need.  Al- 
though it  becomes  <»mingled  with  other  general  funds,  some  of  this 
money  is  eventrndly  used  forxesearch  support. 

Among  'the  restricted  purposes  is  the  category  of  research.  You 
will  note  that  an  estimated' $750  million  was  given  specifically  for 
this  purpose  in  1983. 1  will  shortly  expand  on  this  figure  to  indicate 
what  information  we  have  as  to  its  source  and  content. 
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Some. private  giving  to  higher  education  is  restricted  to  physical 
plant  punx>ses.  You  should  note  the  estimate  of  $791  million. 
About  10  percent  of  this  money  consists  of  current  operating  sup- 
port that  is  restricted  to  use  in  maintaining  buildings  and  other 
physical  facilities.  The  remaining  90  percent  is  for  capital  purposes. 
This  would  include  some  ,  of  the  research  infrastructure,  but  we 
have  no  information  as  to  the  exact  amounts. 
^1  also  call ^  your.  attention,  however,  to  the  category  .of  "other  pur- 
poses," which  now  exceeds  $1  billion.  In  fact,  the  amounts  reported 
in  this  rategqry  in  both  actual  and  inflation-adjusted  terms  have 
been  growing  very  rapidly  during  the  last  5  years. 

Our  impression  from  talking  to  those  in  the  academic  community 
is  that  muclrof;this  increase  consists  of  support  for  academic  pro- 
grams, library  acquisition,  and  support  of  individual  departments 
or  schools  within  the  institutions.  While  we  have  made  some 
changes  in  the  breakdowns  by  purpose  for  our  1984  sivrvey,  it  is  un- 
likely that  we  will  be  able  to  determine  just  how  much  of  these 
miscellaneous  grants  is  going  to  research  support.  It  is  probable, 
however,  that  some  partr-and  perhaps  a  very  large  part— of  the  de- 
partmental support  is  used  for  this  purpose.  ^ 

On  page  5,  .table  2,  there  are  a  few  significant  figures.  The  last 
columnion  the  right  shows  the  total  support  now  constitutes  only 
6.3  percent  of  the  total  operating  and  capital  expenditures  of  all 
colleges  and  universities. 


TaNe  2. .  Voluntary  Support  in  Relation  to  Enrollment.  Inflation  and  Institutional  Expenditures 

Ym/ 

Total           Fife*  lode* 
EarcttiMot  (1907-100) 
(tWtnck)     CP1  KEK 

Imtitvtica*}  EtpttA 

.    .  & 

tiautad  Vdmattrj  Mppoct 

Total 
(bilbo**) 

FfrStwkt* 
(Cumt)  (CM) 

Total 
(nfiUon) 

TwStm&tU 

(Cwrat)  (CPt) 

Astof 
IntttvtioMl 
Eipaadtum 

1949*50 

2,659  71.7 

n.a. 

*  2.5 

$  940 

11,310 

|  240 

190 

$126 

9.6 

1965-66 

5,967  85.9 

95.0 

15.2 

2,5*7 

2,656 

1,440 

241 

251 

9.5 

1970-71 

8.581  118.8 

128.6 

♦  26.9 

3,135 

2,639 

1,860 

2i7 

183 

6.9 

1975-76 

11485  165.9 

1/7.2 

42.6 

3,809 

2,290 

2,410 

215 

130 

5.6 

1960-61 

12,097  259.6 

263.9 

70.5 

5,828 

2,245 

4,230 

350 

135 

6.2 

1932-83 

12,358  293.8 

308.8 

82.5 

6,676 

2,272 

5,160 

418 

142 

6.3 

Average  Annual  Percentage  Change: 

.1949-50  to  1965-66 

5.2  1.8 

n.a. 

11.9 

6.4 

4.5 

11.9 

6.4 

4.4 

1965^66  to  1970-71 

7.5  4.4 

6.2 

12.1 

4.2 

-0.1 

5.3 

-2.0 

-6.1 

1970-71  to  1975-76 

5.4  6.9 

6.6 

9.6 

4.0 

-2.7 

5.3 

-0.2 

-6.6 

1975-76  to  1980-81 

1.6  9.4 

6.1 

10.6 

15.7 

-0.4 

11.9 

10.2 

0.8 

1960-81  to  198243 

1.1  6.4 

8.2 

8.2 

7.0 

0.6 

10.4 

9.3 

2.6 

Historically,  this  percentage  has  been  higher  than  this*  For  ex- 
ample, as  recently  as  the  mid-1960's  it  was  about  10  percent.  It  fell 
slowly  to  less  than  6  percent  in  the  mid-seventies  and  has  been  on 
a  slight  up  trend. 

Throughout  the  period  for  which  we  have  these  data,  voluntary 
support  has  risen  much  faster  than  the  rate  of  inflation.  This  is 
true  whether  inflation , is  measured  by  the  Consumer  Price  Index, 
or  the  CPI,  or  the  Higher  Education  Price  Index,  HEPI.  It  has  also 
risen  faster  than,  the  number  of  students,  and  support  per  student 
is  shown  to  be  now  more  than  four  times  what  it  was  in  1950.  How- 
ever, since  the  mid-1960's  the  growth  of  private  giving  has  been 
slower  than  the  combined  effects  of  inflation  and  enrollment 

* '  i 
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growth,  so  that  support  per  student  measured  in  constant  dollars  is 
now  40  percent  less  than  it  was  in  1966. 

There  has  also  been  a  decline  in  institutional  expenditures  per 
student,  measured  in  constant  dollars.  We  take  these  facte  to  sup- 
port the  view  that  there  has  been  some  decline  in  the  quality  of 
higher^ education  that  has  probably  affected  both  instruction  and 
research. 

At  the  back  of  the  report  are  several  summaries  and  historical 
tables  of  data.  On  page  72,  table  E  gives  our  estimates  of  voluntary 
support  with  a  breakdown  between  current  and  capital  money  and 
the  distribution  by  sources  for  all  years  since  1950. 
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Table  E  Kt»Dimwi™m»w 

(ttffiowtfdoln) 


Tool  , 
VcloHtuy  Support 

OumA 
OjMnttoo* 

C*f*iJ 

Badaev 

Otbtr 

|j£  

'  Ahnai 

Foundrtom 

Corporatism 

Dwoalnriccf 

'  194940 

*  1931-52 
1  185143 
,  1953-54 

1  140 
260 
197 
330 
394 

1  101 » 
107 
119 
161 
184 

I  130 

153 
1GB 
189 
HO 

860 
94 
71 

95 
90 

8  90 
94 

'  71 
85 
90 

1  80 

63 
71 
85 
90 

918 

30 
40 

50 
90 

8  19 
19 
20 
22 
34 

9  19 
21 
21 

23 
30 

,  195445 
>  195548 
t  195947 
,  195743 
195549 

573 
840* 
715 
780 

100 
135 
M0 
315 
417 

175 
340 
SSO* 
390 
343 

111 
115 
110 
190 
189 

118 
141 
159 
180 
189 

83  . 
110 
349* 
133 
107 

65 
75 
87 
90 
119 

43 

57 
93 
75 
78 

55 
93 
65 
75 
84 

195940 
199041 
*  193141 
19S143 
193344 

815 
900 
930 
1,030 
1415 

403 
415 
508 
549 

430 
500 
535 
545 
869 

191 
195 
HO 
154 
195 

194 
£02 
110 
127 
139 

193 
119 
130 
149 

320 

130 
147 
154 
199 
181 

90 
82 
82 
92 

97 

57 
54 
54 
62 
99 

19M45 
199548 
199847 
195748 
199649 

1,400 
1,440 
1.480 
1.900 
1,800 

875 
710 
800 
870 

790 
785 
770 
800 
930 

190 
310 
334 
359 

348 
350 
373 
409 
451 

402 
357 
337 
374 
434 

198 
230 
149 
230 
171 

101 
109 
107 
118 
100 

73 
65 
90 
91 
108 

1989-70 

1970-  71 

1971-  71 
1971-73 
1973-74 

1.780 
1.800 
2,033 
U40 
1440 

900 
1,030 
1.110 
1430 
1400 

810 
110 

vio 

1.010 
940 

381 
458 
481 
539 
509 

441 
495 
493 
600 
559 

434 
418 

523 
514 
535 

299 
239 
175 

320 
354 

101 
104 
101 
99 
119 

153 
129 
147 
161 
170 

1974-  75 

1975-  76 

1976- 77 

1977- 78 

1978-  79 

tieo 

1,410 
.  1670 
3/HO 
34*0 

1470 
1.480 
1.930 
1413 

toio 

790 

930 
1.050 
1415 
1410  . 

488 
588 
933 
714 

785 

516 
599 
949 
799 
739 

497 
549 

558 
623 
701 

357 
379 
449 
509 
559 

112 
IX 
139 
158 
161 

192 
193 
249 
271 
291 

197940 
199041 
J  95143 
193143 

3400" 
44» 
44«t 
I.1C0 

1450 
1460 
14701 
3.115 

1450** 
1.940 
14901 
1033 

910 
1.049 
14401 
1437 

847 
1.007 
1.097 
1.190 

903" 

922 
1.003 
1418 

699 
778 
9761 
1.111 

155 
140 
175 
109 

£89 
334 
369 
397 

M*lud«»l>c«rfm*t«lyllO0mfl^  .  u 

"I«lua^810Sinmk»DOOrtCurTU|tr«^  ^  . 

tItK^$llSnUBfc»tob«*K*l^iltn^ 
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There  are  two  points  worth  noting.  Support  for  capital  purposes, 
which  would  include  research  infrastructure,  ty^  sally  exceeded 
support  for  cujtfent  operptions  until  about  1970.  Since  then,  operat- 
ing support  has  consistently  accounted  for  the  larger  share.  The 
distribution  of  total*  support  by  sources  displayed  an  extraordinary 
stability.  The  gifts:  and  bequests  frbih  individuate  have  consistently 
accounted  for  ;  atout  lialf  of  the  totals  ,with  roughly  equal  shares 
from  alumni  and  nbnalumni  donors. 

The  only  major  trends  are  a  generally  declining  share  from  reli- 
gious denominations,  some  decrease  in  the  share  of  private  founda- 
tions since  1969,  and  a  significant  increase  in  the  proportion  of  the 
total  that  comes  from  business  corporations.  We  expect  these 
trends  more  or  less  to  continue/ 

The  remainder  of  the  tabular  material  in  this  report  represents 
not  our  estimates  of  the  total  for  all  higher  education,  but  the 
amounts  actually  reported  by  the  participating  institutions. 

Let  me  skip  down  and  just  call  your  attention  to  one  of  these 
tables,  which  is  table  C  on  page  70,  which  is  a  distribution  of  re- 
.ported  support  by  type  of  institution. 
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Table  C  vouMTMY$upwiiT(£Ki<^  education  by  type  OF  INSTITUTION 

(ladudlnf  percentage  of  Crtnd  ToUl  and  *vcr»je  per  irati  tution,  dollar  toUls  and  iwipi  In  thousand*) 


TYPE  OF 

INSTITUTION*  lOTMW  1974-1075  1975-1976  197M977  1977-1978  1078-1979  1979.1980  1980-1941  1981-1982  lfcwlOM 


Prlvatt  $701,180(40**)   8648,477(38.7%)   1731.014(38.7*)   1804.997(37.8*)  $877,122  (37.4%)  $1.001.SuS(39.2%>  $1302,420  (39  4%>"  $1323.044(400%)  $1313.497 (37.0%>T  $1330392(350%) 

Vnrvenitks  (83)  Av.  $103)1     (89)  Av.  $  9,398    (71)  Av.  $10309    (73)  Av.  $11,027    (09)  Av.  $12,712    (73)  Av.  $13,724     (74)  Av.  $18,249       (75)  Av.  $17,707      (74)  Av.  $20,453      (73)  Av.  $20,987 


Prfv»tt  26,671(  13*)      17,860(  1.0*)      24352(  13*)     20.337(  1.0*)     28,325(  1.2*)      20.230(  0.8*)      16.156(0.5*)         14.880(0.4*)       20.602(  03*)  20.438(0.4*) 

Men-iCollepi  (14)  Av.$  1,905     (13)  Av.$  1.373    (16)Av.$  1353    (11)  Av.$  1,849     (9)Av.$  3.147      (6)Av.$  3372      (7)Av.$  2308        (5)Av.$2.936       (7)Av.$2,972       (9)Av  $  2.271 


Prlvttt  68.291(  39*)      64.460(  3**)      74,422(  4.0*)      71388(  3.4*)     80,723(  34*)      80356(  3.2*)      97343(  3.2*)        118,947  (  36*)      127.333(3,1%)      155.421(  36*) 

Women's  CoBejtt       (78)  Av.  $   875     (80)  Av.  $    805    (81)  Av.  $    919    (89)  Av.  $  1.042    (80)  Av.  $  1.009    (73)  Av.  $  1.106     (74)  Av.  $  1318        (73)  Av.  $  1.829      (77)  Av.  $  1.854      (77)  Av.  $  2.018 


Prlvatt  461,117(26  4*)     426,579(25.8*)    470,983(24.9*)    571,410(26.7*)   620,795(26.4*)    824,425(24.4*)     732332(24  0*)       784.468(23.7%)    1X118,482(24.9*)    1,075372(24  6*)  CJ\ 

CoedCoUefw  (483)Av.$    995    (453)Av.$    941    (448)  A  v.  $  1,031    (476)  Av.$  1300  (459)  Av.$  1,352   (  19)  Av.  $  1,391    (473)  Av.$  1349      (440)  Av  $  1,783     (496)  Av  $  2.053     (493)  Av  $  2,i73  tO 


Prafestooi)  84385(43*)      69327(  4.1*)      93,038(  4.9*)     89.475(  4.2*)     94,851(  4.0*)     95.267(  3.7*)     128,104(  4.2*)       121,276(  3.7*)      155347(36*)      a85300<  43*) 

tc  Spadalized  51)  Av.  $  1,854     (54)  Av.  $  1383    (55)  Av.  $  1.692    (59)  Av.  $  1 317    (61)  Av.  $  1352    (67)  Av.  $  1,422     (68)  Av.  $  1 384        (62)  Av.  $  1 .958      (73)  Av.  $  2.128      (90)  Av  $  2,055 


Public  386,161(211*)     (30331(256*)    476,915(253*)    582,405(263*)    623,444(266*)    715.156(28/%)     856,193(283*)       929,236(280*)    1,210,881  (29  9*)|  1.362397(31.2*) 

Institutions  (206)  Av.  $  1374    (1 57)  Av.  I  2,081    (216)  Av,  $  2.206   (213)  Av.  $  2.840  (209)  Av,  $  2.983   (214)  Av.  $  3342    (218)  Av.  $  3.927      (209)  Av  S  4.446     (258)  Av.  $  4.7*6     (267)  Av  $  5,103 


Two-Year  19.(^8(1.1*)      i7,009{  1.0*)      18,709(  1.0%)      18.137(  03*)     22385(  1.0*)      18,173(  0.7*)      21,797(  0.7*)         21.413(0.6*)       34.060(  08*)       37,643(  00*) 

Institutions  (105)  Av.  I    176   (110)Av.$    154   (104)  Av.  $    180  (105)Av.$    173{178)Av.$    128    (90)Av.$    202    (105)Av.$    208       (64)Av.$    334     (116>  Av.  $    294     (126)  Av  $  299 


CRAND  TOTAL  $1,746,851  (100*)  $1,674343(100*)  $1300332(100%)  $2,138.61.  (!00*>  $2347,925(100*)  $2355.995tl00*>  $3,055353 U001>     $3318.064  (100%;    $4,086,204  il00%>   $4368,171  llQP*> 
(988)  Av.  $1,768     (986)  Av.  $1,698    (991)  Av.  $1,906  (1,006)  Av,  $2,126  (1,065)  Av.  $2,205    (972)  Av.  $2,630  (1,019)  Av.  $2,998       (928)  Av.  $3,576    (1.101)  Av.  $3,711    (1.137)  Av  $3342 


♦In  every  survey  each  institution  is  dud  fled  In  the  category  appropriate  to  Its  status  in  that  year.  Sloe* 
the  stilus  of  many  Institutions  Laj  changed  over  the  years,  tai  data  by  category  ere  not  strktiy  com. 
parable  f rom  one  mrvty  to  toother.  See  Table  3  on  pa#j  7  for  a  comparison  oU981-81  and  1982-83  data 
on  an  adjusted  bads. 
♦Modode*  nonrtcurrinf  transfer  of  $105  million. 

tlndudei  $115  million  in  bequeti. 

flodudei  $30  4  million  rtfMn-lind. 
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A  group  of  70  or  75  private  universities  consistently  accounts  for 
between  35  and  40  percent  of  the  total  received  by  all  institutions, 
but  the  most  significant  change  on  this  table  in  terms  of  institu- 
tional shares  is  the  growth  of  public  colleges  and  universities  from 
about  22  percent  of  the  total  to  31  percent  over  this  particular 
period  pf  time,  and  a  declining  share  received  by  the  categories  of 
smaller  private  colleges. 

All  this  information  is  stored  on  computer  tapes  smce  1966,  and 
it  is  possible  to  prepare  special  tabulations  and  analyses  of  these 
data  to  serve  particular  purposes.  In  order  to  address  the  specific 
subject  of  this  hearing,  I  prepared  a  few  supplementary  tables  and 
they  are  appended  to  the  statement  itself. 

Table  1,  for  example,  shows  the  preliminary  figures  from  our 
1983-84  survey  and  the  estimated  $5.6  billion  in  total  support  is 
broken  down  by  source.  I  am  sorry  that  we  do  not  have  figures  yet 
for  a  breakdown  by  purpose. 
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Table  1.    Estioated  Voluntary  Support,  by  Source  and  Purpose  (tailliona) 


Percent  change,  1983-84 


9 

ERIC 


1978-79 

1982-83 

1983-84 

v. 1982-83 

v. 1978-79 

v. 1978-79 
adj.  for  HEPI 

'XOTAL  VOLUNTARY  SUPrOKT 

$3,233 

$5,160 

$5,600 

+  8.5 

♦  73.4 

♦  15.6 

Sources: 

Aluani 

$  785 

$1,237 

$1,305 

+  5.4 

♦66.2 

♦  10.8 

Nonaluani  individuals 

736 

1,190 

1,316 

+10.6 

♦7f  .8 

♦  19.2 

Foundations 

701 

1,018 

1,081 

+  6.2 

♦5<.l 

♦  2.8 

Business  Corporations 

556 

1,112 

1,271 

+14.3 

♦  121..6 

♦52.7 

Religious  Organizations 

161 

206 

190 

-  7.8 

♦  18.0 

-21.6 

Other 

291 

397 

437 

+  10.1 

♦50. 1 

Purpose*: 

Current  Operations 

$2,010 

$3,125 

$3,405 

♦  9.0 

♦69.4 

♦  12.8 

Capital  Purposes 

1,220 

2,035 

2,195 

♦  7.9 

♦  79.9 

♦20.1 

Price  Indices  (1967-100): 

Consumer  (CPl) 

206.4 

293.8 

304.8 

+  3.7 

♦47.7 

Higher  Education  (HEPI) 

216.9 

308.8 

335.4 

♦  5.4 

♦50.0 
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The  results  do  reflect  a  continuation  of  current  trends  or  recent 
trends:  Again,  T  call  your  attention  to  tKe;fact  that. support  from 
business  corporations  nas  shown  an  extraor^ary  increase  in  infla- 
tiori-actfusted  terms  over  the  previous  5  years.  Much  of  this  growth, 
perhaps  as  much^'as  $250^i^onris  asscx:iate4  with  the  addition  of 
toedion^  This  is  the  section 

that^proyides  the  enhanced  tax  deduction  in  ?the  case  of  inventory 
gifte  of  scientific  property  that  are  made  to  institutions  of  higher 
education  to  be:  used  for  research  of  experimentation  or  for  re- 
search training  in  the  physical  or  biological  sciences. 

To  throw  some  light  on  this  matter,  we  conducted  a  survey  of  the 
leading  industrial  corporations  last  fall.  Our  report  on  that  survey 
is  available  as  well.  I  have  provided  copies  to  the  task  force. 

Although  the  response  to  this  particular  survey  was  relatively 
low,  the  data  we  did  obtain  reveals  clearly  that  this  type  of  giving 
is  dominated  by  companies  in  the  electrical  machinery  mdustiy,  es- 
pecially the  companies  that  manufacture  computers,  medical  in- 
struments, and  other  electronic  products.  That  is  shown  on  the 
table  on  page  2  of  the  special  survey  report. 

Gifts  of  Company  Products? 

Industry  1983  Wj  

Manufacturing: 

Electrlcol  machinery  (21)  $61,729,490  (19)  $95,281. 510  (1*1) 

Chemicals  &  druf;s  (6)  13,910,196    (3)  167,917  (3) 

Food,  beverage  &  tobacco  (A.)  32,939    (3)  36,420  (3) 

Machinery  (4)  480,000    (3)  311,700  (3) 

Fabricated  metals  (3)  32,800    (3)  252,000  (3) 

Primary  metals  (3)  3,818    (1)  1,000  (1) 

Paper  4  lumber  (3)  1,500    (1)  11,800  (1) 

Printing  &  publishing  (2)  41,485    (2)  33,809  (2) 

Petroleum  &  gas  (2)  12,500    (2)  13,500  (2) 

Transportation  equipment  (1)  25,000    (1)  — 


Subtotal  -  Manufacturing  (49)  $76,269,728  (38)  $96,109,286  (32) 
Nonmanufacturlng: 

Transportation  (2)                      $      40,403  (2)  $      45,000  (1) 

All  others  (3)                                       300  (1)  500  (1) 

Subtotal  -  Nonmanufacturlng  (5)$      40,703  (3)  $      45,500  (2) 


GRAND  TOTAL  (54)  $76,310,431  (41)        $96,155,186  (34) 


(Numbers  In  parentheses  ahou  the  number  of  companies  reporting.) 

I  should  also  call  to  your  attention  that  the  numbers  shown  on 
this  report  reflect  a  tax  deduction  value  of  the  gifts  to  the  donors. 
"Tie  colleges  and  Universities  report  a  significantly  higher  figure 
because  they  tend  to  report  the  list  price  value. 

It  is  my  personal  view  that  this  enhanced  deduction  should  be 
extended  to  all  inventory  gifts  of  company  products  and  not  limited 
to  any  class  of  qualified  recipients  or  to  any  designated  purposes. 
The  formula  used  for  the  tax  reduction  adequately  protects  the 
public  interest  in  preventing  the  kindfi  of  abuses  that  led  to  the  re- 
strictive legislation  in  the  Tax  Reform  Act  of  1969.  It  would  clearly 
provide  additional  incentives  for  contributions  of  state-of-the-art 
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equipment  to  the, scientific  laboratories  on  the  Nation's  campuses 
,as  welt 'as  a  broad, -array  of  other  products  that  are  useful  and 
.  i|eede<i  by  charities  generally* 

^Tabie'  2,  the  supplementary  table  attached  to  the  statement, 
gives  a  breakdown  of  *  the  research  support  by  donor  groups  taken 
nom  the  surveys  oftl978  and  1983.  This  type  of  support  is  shown  to 
Be.of  relatively  little  interest  to  individual  givers,  and  what  they  do 
give, accounts  tor  a  very  small  share  of  the  total  support.  Contribu- 
tions fpr  research  purposes  are  clearly  a  mqjor  growing  interest  to 
corporations  and  foundations,  and  between  them  they  account  for 
about  70  percent  of  the  total. 

Table  2.    Voluntary  Support  for  Research  Purposes,  by  Donor  Groups  (oillions) 


1572-73  1982-83 


Aoount 

X 

Percent 
of  total 
support 

Aoount 

Z 

Percent 
of  total 
support 

Alusni 

$  13.3 

5.8 

3.2 

$  24.8 

3.9 

2.4 

tfonslunni  Individuals 

37.6 

16.3 

8.0 

77.2 

12.2 

7.7 

Foundations 

89.0 

38.6 

21.7 

207.4 

32.7 

24.1 

Business  Corporations 

53.9 

23.4 

21.6 

232.0 

36.6 

24.6 

Religious  Organizations 

.1 

.1 

.4 

.3 

Other 

36.9 

16.0 

29.3 

92.9 

14.6 

27.7 

$230.8 

100.0  . 

13.2 

$634.7 

100.0 

14.5 

Table  8  shows  the  sources  of  total  support,  research  support,  and 
physical  plant  support  for  1988  with  a  division  between  current  op- 
erating support  and  support  for  capital  purposes.  While  capital 
suppoit  accounts  for  about  42  percent  of  overall  giving,  it  com- 
prises only  9  percent  of  giving  for  research  purposes.  The  bulk  of 
research  support  obviously  goes  for  institutional  operating  budgets. 

Table  3.    Total  Voluntary  Support,  Reiaarch  Support,  and  Support  for  Phytic* 1  Plant, 
by  Purpose  (Current  Operation!  and  Capital  Purpoiee),  1982-83  (nillioni) 


Support  for 

Total  Voluntary  Support  Reiearch  Support  Phyiicel  Plant 

Total        Cur.        Cap.  Total    Cur.     Cap.  Total    Cur.  Cap. 


Allan  i 

$1,046.9  $ 

£03.8  S 

*3.1 

Konalu&ni  Indi. 

1,001.2 

450.5 

.  '6.7 

Foundation! 

862.1 

497.2 

i  .9 

Corportione 

941.6 

662.4 

2  .2 

Keligioui  Orgfti. 

174.4 

150.2 

24.2 

Other 

335.9 

260.3 

75.6 

$  24.8  $  18.0  $    6.8        $132. 5  $    7.8  $124.7 


77.2 

48.6 

28.6 

153.3 

11.3 

142.0 

207.4 

198.2 

9.2 

177.9 

14.3 

163.6 

232.0 

222.7 

9.3 

167.0 

16.0 

151.0 

.4 

.1 

.3 

16.1 

2.6 

13.5 

92.9 

90.1 

2.8 

22.6 

3.4 

19.2 

Total       •      $4,368.1  $2,524.4  $1,843.7        $643.7  $577.7  $  57.0        $669.4  $  55.4  $614.0 

On  the  physical  plant  side,  however,  it  was  92  percent  capital, 
and  some  part  of  that  $614  million  of  capital  support  for  physical 
plant  purposes  was  undoubtedly  aimed  at  the  kind  of  research  in- 
frastructure in  which' this  task  force  is  interested,  although  we  do 
not  have  any  specific  information  as  to  exactly  how  much. 
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Table  4  gives  an  historical  overview  of  estimated  research  sup- 
port and  shows  the  percentage  of  research  to  estimated  total  sup- 
port for  all  purposes.  You  will  note  that  there  is  a  mbdest  up  trend 
in  this  percentage.  Prior  to  1975,  for  example,  it  averaged  12.8,  and 
in  no  year  was  it  as  high  as  15  percent  In  the  last  10  years,  howev- 
er, it  has  averaged  15  percent,  and  in  no  year  was  it  less  than  13.9. 

Table  4.    Eatioatcd  Voluntary  Support  nod  Support  of  Research,  1954-55  to  1983-84 


Total 

Support 

Voluntary  ■ 

of 

Support 

Reaearch 

X 

1954-55 

$  475 

$  60 

12.5 

1956-57 

840 

85 

9.9 

1958-59 

760 

105 

14.0 

1960-61 

900 

125 

14.1 

1962-63 

1,050 

140 

13.4 

1964-65 

1,400 

1 

155 

11.2 

1965-66 

1,440 

205  1 

14.4 

1966-67 

1,480 

185 

12.4 

1967-63 

1,600 

200 

12.5 

1963-69 

1,800 

225 

12.5 

1969-70 

1,780 

215 

12.1 

1970-71 

1,860 

245 

13.3 

1972-72 

2,020 

260  * 

12.8 

1972-73 

2,240 

290 

13.0 

1973-74 

2,240 

*90 

13.0 

1974-75 

1,160 

325 

15.0 

1975-76 

2,410 

355 

14.7 

1976-77 

*.S70 

400 

14.9 

1977-78 

),040 

475 

15-7 

1978-79 

3,230 

505 

15.7 

1979-80 

3,800 

575 

15-1 

1980-81 

4,230 

630 

14.9 

1981-82 

4,860 

675 

13.9 

1982-83 

5,160 

750 

14.5 

1983-84 

5,600 

840 

15.0  (ean.) 

While  prediction  is  elways  hazardous,  I  believe  that  there  are 
reasons^  to  anticipate  further  growths  in  this  percentage.  One 
reason  is  the  growing  relative  importance  of  corporate  support  in 
the  total  picture.  In  the  past  15  years  the  percentage  of  corporate 
giving  to  total  support  has  increased  from  less  than  15  to  more 
than  22  percent,  and  it  is  still  rising.  Since  a  high  proportion  of 
corporate  support  is  designated  for  research  purposes,  continued 
growth  in  the  relative  importance  of  corporate  giving  will  cause 
some  further  rise  in  the  overall  importance  of  research  support 
The  second  reason  is  that  there  has  been,  and  continues  to  be,  a 
growing  sense  of  partnership  between  the  corporation  and  the 
campus,  especially  in  the  research  area.  The  universities  are  now 
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making  special  efforts  to  enhance  further  this  community  of  inter- 
est. 

Table  5  giyes  some  detail  of  corporate  support  and  corporate  sup- 
port of  research.by  tyraof  institution  in  1982-83.  The  most  rele- 
vant  figures  here  are  those  which  show  the  relative  importance  of 
the  public  and  private.institutions.  Although  the  corporations  give 
more  to  private  institutions  than  to  public  colleges  and  universi- 
ties, the  proportion  of  ^support  designated  for  research  purposes  at 
public  institutions  has  more  than  doubled  the  corresponding 
number  for  private  colleges  and  universities. 

Table  5.  Corporate  Support  of  Colleges  and  Universities  and  Corporate  Support  of 
Research,  by  Type  of  Institution,  1982-83  (millions) 


Total 
Corporate 
Support 

Corporate 
Research 
Support 

X 

Private  Universities  (73) 

$  334.1 

$  74.3 

22.2 

Private  Men*a  Colleger  (9) 

1.5 

Private  Women's  Colleges  (77) 

13.4 

.2 

Private  Coeducational  Colleges  (495) 

127.9 

1.9 

1.5 

Private  Professional  &  Specialized  Insts.  (90) 

27.9 

6.2 

22.2 

Total  Private  Four-Year  Institutions  (744) 

$  504.8 

$  82.7 

16.3 

Total  Public  Four-Year  Institutions  (267) 

428.6 

149.3 

34.8 

Total  Four-Year  Institutions  ( 1,011) 

$  933.4 

$  232.0 

24.8 

Tvo-Year  Institutions  (126) 

C.2 

Grand  Total,  All  Institutions  (1137) 

$  941.6 

$  232.0 

24.6 

Note:  Number*  in  parentheses  are  number*  of  participating  institutions. 

You  should  note  that  the  division  of  corporate  support  at  4-year 
institutions  between  public  and  private  colleges  is  now  in  the  ratio 
of  about  46  to  54.  Tventy-five  years  ago  the  ratio  was  25  to  75,  and 
this  shift  reflects  a  long-term  trend  of  growing  importance— it  re- 
flects the  growing  importance  of  public  research  in  universities  to 
the  business  community.  Given  that  the  corporate  support  of  public 
institutions  is  growing  more  rapidly  than  that  for  private  colleges, 
and  given  the  relatively  greater  importance  of  research  support  in 
public  institutions,  it  also  follows  that  a  continuation  of  these 
trends  will  invariably  raise  research  support  as  a  percentage  of 
total  giving  by  corporations. 
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Over  and  above  the  gifts  and  grants  that  corporations  provide  to 
the  colleges  and  ^universities  for  research  purposes  are  two  other 
forms  of  research  support  from  business,  (fee  is  contract  research 
inwhich  the  university  performs  specific  research  of  a  proprietary 
or  quasi-proprietary  nature  as  a  quid  pro  quo  for  the  money  it  re- 
ceives under  the  contract.  The  second  covers  a  variety  of  coopera- 
tive research  projects,  and  these  are  typically  informal  arrange- 
ments under  which  one  or  more  persons  on  the  corporate  side  join 
with  their  academic  counterparts  to  pursue  a  specific  line  of  in- 
quiry. The  corporation  will  often  loan  or  donate  equipment  to,  and 
pay  the  out-of-pocket. costs  of,  such  projects.  In  both  these  cases,  of 
course,  our  numbers  exclude  the  corporate  money  received  by  the 
institution. 

The  growth  of  all  these  related  shifts  in  the  pa^h  3  or  4  years  has 
undoubtedly  been  stimulated  by  the  provisions  of  the  Economic 
Tax  Recovery  Act  of  1981  which  added  section  30  to  the  Internal 
Revenue  Code,  ard  this  is  the  25  percent  credit  for  increasing  re- 
se^ch  activities,  which  will  expire  or  sunset  at  the"  end-  of  this 
year.  The  success  of  this  legislation  in  accbmplishing  its  purposes — 
namely,  to  increase  corporate  research  and  development  activi- 
ties—and the  desirability  of  increasing  such  activities  further  indi- 
cate the  need  for  making  this  section  to  become  permanent.  In 
view  of  the  fact  that  the  credit  now  applies  to  65  percent  of  any 
incremental  contract  research  expenditures,  including  contract  re- 
search at  universities,  it  would  be  most  unfortunate  if  this  section 
were  allowed  to  expire.  Indeed,  the  credic  should  be  renewed  at  a 
higher  percentage,  even  100  percent,  of  the  contract  research  on 
campus  eligible  for  this  25  percent  credit. 

I  have  a  final  word  about  public  policy  in  this  whole  area  of  pri- 
vate giving  to  higher  education.  Educational  support  is  part  of  the 
total  charitable  contributions  from  individuals,  corporations,  and 
foundations.  The  basic  motivation  for  making  contributions  has 
little  or  nothing  to  do  with  the  tax  laws;  people  and  corporations 
give  for  reasons  that  are  independent  of  taxation.  However,  once 
the  decision  to  give  has  been  made,  the  charitable  deduction  does 
have  an  influence  on  the  amount  that  is  given.  While  this  is  theo- 
retically true  for  all  individuals,  it  is  particularly  true  for  those  in 
the  upper  tax  brackets.  • 

The  relevance  of  this  to  the  purpose  of  this  hearing  is  that  pri- 
vate contributions  for  research  and  for  research  infrastructure  at 
university  in  the  future  will  depend  greatly  on  the  content  of  the 
tax  laws  with  respect  to  the  charitable  deduction.  Any  simplifica- 
tion of  the  income  tax  involving  the  reduction  of  marginal  rstes 
will  indhectly  tend  to  reduce  the  amounts  that  people  and  corpora- 
tions give,  simply  because  it  would  increase  the  after-tax  cost  of 
contributions.  Since  there  is  a  valid  objective  to  be  served  by  such 
rate  reduction,  then  the  indirect  impact  on  charitable  giving  is 
simply  a  burden  that  will  have  to  be  borne. 

However,  there  have  been  specific  proposals  for  altering  the 
charitable  deduction  itself,  and  these  would  have  additional  and 
direct  negative  effects  on  giving,  including  research  support  to 
higher  education.  One  proposal  would  put  a  floor  on  the  deduction, 
so  that  only  contributions  in  excess  of  some  specific  dollar  amount 
or  some  percentage  of  income  would  be  deductible.  Another  propos- 
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al  /rould  limit  the  deduction  for  gifts  of  property  to  the  lower  of 
cost  or  inflation-adjusted  cost,  and  deny  any  deduction  for  capital 
appreciation  imsuch  gift  property.  A  third  proposal  would  elimi- 
nate .  the  present  provision  for  an  above-the-line  deduction  for  non- 
itemizers.  All  three  of  these  proposals,  taken  together,  would  seri- 
ously erode  the  present  levels  of  charitable  giving  in  general  and 
support  of  higher  education  in  particular. 

I  would  hope  that  the  members  of  this  task  force  will  conclude 
that  private  support  of  research  and  of  research  infrastructure  at 
universities,  although  small  in  relation  to  support  by  Government 
in  recent  years,  is  a  necessary,  desirable,  and  vital  activity,  to  be 
encouraged  to  the  maximum  reasonable  extent.  And  should  any  of 
the  above  tax  proposals  become  part  of  a  tax  simplification  bill,  I 
would  hope  that  the  members  of  this  task  force  will  oppose  those 
proposals  as  contrary  to  the  public  interest. 

This  concludes  my  prepared  statement.  If  there  are  any  ques- 
tions or  needs  for  amplification  of  any  of  the  above  facts,  I  will  be 
happy  to  try  to  provide  the  answers. 

Mr.  Fuqua.  Thank  you  very  much,  Mr.  Smith. 

[The  prepared  statement  of  Mr.  Smith  follows:] 


167 


161 


PRIVATE  SUPPORT  OF ^RESEARCH  AT  COLLEGES  AND  UNIVERSITIES 


Senior  Vice  President 
Council  for  Financial  Aid  to  Education 
680  Fifth  Avenue 
New  York,  New  York  10019 


Task  Force  on  Science  Policy 
Committee  on  Science1  end  Technology 
U.S.  House  of  Representatives 


Testimony  of 


Hayden  W.  Smith 


May  22,  1985 


162 


PRIVATE  SUPPORT  OF  RESEARCH  AT  COLLEGES  AND  UNIVERSITIES 


Hayden  W.  Saith 

Senior  Vice  President 
Council'  for  Financial  Aid  to  Education 
680  Fifth  Avenue 
New  York,  New  York  10019 


My  naae  ia  Hayden  W.  Saith.    I  aa  aenior  vice  preaident 
of  the  Council  for  Financial  Aid  to  Education,  located  in  New  York 
City*    The  Council  ia  known  throughout  the  corporate  and  acadeaic 
itiea  by  it a  initials,  CFAE,  and  I  shall  uae  thea  here. 

CFAE  ia  a  nonprofit-  aervice  agency  created  in  1352  by  eainent 
corporate  leadera.    It a  purpoae  ia  to  encourage  the  wide at  possible 
support  of  higher  education  by  private  donors,  especially  the  corporate 
conaunity  itself.    It  is  supported  exclusively  by  voluntary  contributions 
froa  soae  400  business  corporstions.    Its  prograa  conaiata  of  research, 
publicatione,  snd  consultstion  with  business  executives  to  encourage 
corporate  aupport  of  higher  education.    It  ia  beat  known  to  the  country 
st  large  through  s  public  service  advertising  caspaign  that  uaea  the 
well-known  alogan,  "Give  to  the  College  of  Your  Choice.1' 

I  aa  appearing  here  today  to  provide  the  Task  Fort  ith 
information  on  the  extent  to  which  private  donora,  including  individuals, 
induatrial  f  irma,  snd  foundations,  have  aupport ed  th*  acquisition  snd 
asintenance  of  the  research  infrsstructure  st  Aaericsn  universities.  I 
intend  also  to  coaaent  on  current  snd  future  trends  in  this  type  of 
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support,  and  to  discuss  several  elements  of  federal  fiscal  policy  that 
impinge  on  donors'  incentives. 

Among  th2  research  activities  for  which  CFAE  is  well  known  is 
the  annual  Survey  of  Voluntary  Support  of  Education.    We  are  the  only 
agency  that  gathers  such  data  and  we  are  the  leading  authority  on  this 
type  of  information.    I  have  previously  furniahed  copies  of  our  latest 
survey  report  to  the  Tssk  Force,  and  will  cowoent  on  its  contents  as  they 
bear  on  the  purpose  of  this  hearing. 

The  report  before  you  covers  the  academic  year  1982-83.  This 
represents  the  24th  aurvey  of  private  giving  to  education  that  we  have 
conducted  since  1935.    The  survey  has  been  an  annual  undertaking  since 
1965,  and  is  now  coaponsored  by  the  Council  for  Advancement  and  Support 
of  Education  and  the  National  Association  of  Independent  Schools. 
Although  it  includes  data  on  private  support'  of  private  precollege 
schools,  I  will  exclude  them  from  our  discussion  today. 

The  survey  queationnairea  are  mailed  to  virt  *lly  all  of  the 
3,000  institutions  of  higher  education  in  the  United  States.  The  informa- 
tion requested  includes  the  amounts,  sources,  and  purposes  of  private 
gifts,  grants,  snd  bequests  received  during  the  previous  scsdemic  or 
fiscal  year.    We  specifically  request  the  exclusion  of  pledges,  endowment 
income,  snd  sny  receipts  wliich  represent  paynent  for  services  rendered. 
While  we  csnnot  guarantee  the  accuracy  of  the  figures  provided,  we  have 
no  reason  to  believe  that  they  contain  an/  aignificant  errors. 

The  response  rate  varies  from  year  to  year  but  generally 
amounts  to  35  percent.    On  the  bssis  of  careful  comparisons  with  finen- 
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cial  data  previously  gathered  by  the  U.S.  Office  of  Educat  ion  (now  the 
Department  of  Education),  it  is  clear  that  those  institutions  participat- 
ing in  the  .turvey  typically  account  for  about  85  percent  of  the  total 
dollars  received  by  all  colleges  and  universities.    The  nonparticipating 
institutions  are  primarily  two-year  colleges,  the  smaller  state  colleges 
and  universities,  and  very  specialized  private  schools  such  aa  religioua 
aeainariea  and  bible  colleges,  noet  of  which  receive  little  or  no  volun- 
tary support. 

If  you  will  turn  to  page  3  of  the  1982-83  report  you  will 
find  charta  which  depict  our  estimates  of  voluntary  support  of  higher 
education  for  the  previous  decade.    These  estimates  are  prepared  from  the 
survey  findings  by  oeana  of  a  careful  analysis  of  the  reported  data, 
taking  into  sccount  the  relstive  import snce  of  different  kinds  of  institu- 
tions and  the  differential  response  rstes. 

The  chart  on  the  left  shows  that  total  voluntary  support 

roae  from  $2.16  billion  in  1974-75,  which  was  s  recession  year,  to  $5.16 

billion  in  1982-83.    Although  we  do  not  yet  have  a  complete  analysis  of 

the  data  from  the  1983-84  survey,  there  is  enough  inforastion  off  the 
i 

computer  to  permit  sn  estimate  of  $5.6  billion.    This  implies  that 
private  giving  to  higher  education  hss  increased  at  an  average  rste  of 
11.2  percent  per  yesr  over  the  last  nine  yesrs  which,  when  corrected  for 
inflation,  represents  a  real  growth  0f  about  3.5  percent  annually. 


and  by  purpose.    Individual  donors  account  for  roughly  half  cf  all 
voluntary  support,  snd  the  dollars  are  divided  about  equally  between 
institutions!  alumni  snd  other  individualo. 


Table  1  on  page  4  gives  breakdowns  of  our  estimate  by  source 
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Business  corporations  and  private  foundationa  each  account  for 
sbout  one-fifth  of  the  total;  the  remainder  cooes  froa  religious  denomina- 
tions and  a  variety  of  other  aourcea.    I  call  your  attention  to  the  fact 
that  support  froa  the  business  community  has  grown  faster  than  that  from 
any  other  source  since  1977-78,  and  even  when  adjusted  for  inflation 
repreaents  a  gain  of  43  percent  over  this  period.    A  aignificant  part  of 
this  extraordinary  growth  consists  of  inventory  giving,  i.e.    gifts  of 
products  manufactured  by  the  donor  companies*    This  form  of  giving 
ia  now  dominated  by  the  computer  companies,  and  the  gains  are  known  to  be 
aaaociated  with  the  Economic  Recovery  Tax  Act  of  1981  which  provided  an 
enhanced  deduction  for  certain  contributions  of  this  type  of  equipment. 

The  table  tlso  shows  that  about  60  percent  of  total  voluntary 
support  was  designated  for  current  operations  and  40  percent  for  Capital 
purpoaea,  including  endowment.    I  regret  that  our  data  do  not  adequately 
diatinguiah  between  gifta  for  endowment  and  those  for  buildings  and  other 
physical  facilities,    since  the  interest  of  the  Task  Force  at  thia 
hearing  is  in  research  infrastructure,  I  intend  to  provide  some  supplemen- 
tary data  that  beara  on  thia  interest. 

The  purpoaea  for  whici;  voluntary  support  is  given  are  shown 
for  a  few  general  categories.    About  30  percent  of  the  total  is  not 
restricted  as  to  purpose  by  the  donors  and  may,  therefore,  be  allocated 
by  the  recipient  institutions  according  to  their  perceptions  of  need. 
Although  it  becomes  comingled  with  other  genersl  funds,  some  of  this 
money  is  eventually  used  for  resesrch  support.    Among  the  restricted 
purposes  is  the  category  of  research,  and  you  will  note  that  an  estimated 
$750  million  was  ^iven  specif  .cally  for  this  purpose  in  1982-83.    I  will 
shortly  expand  on  this  figure  to  indicate  what  information  we  *.iave  aa  to 
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its  source  and  concent. 

Some  private  giving  to  higher  education  it  restricted  to  physical 
plsut  purposes,  and  you  should  note  the  estimste  of  $791  million.  About 
"en  percent  of  this  money  constitutes  current  operating  support  that  is 
restricted  to  use  in  maintaining  buildings  and  other  physical  facilities; 
the  remaining  90  percent  is  Cor  capital  purposes.    This  would  include  some 
resestch  infrastructure,  but  we  have  no  informstion  as  to  the  amounts. 

I  also  call  your  attention  to  the  category  of  "other"  purposes, 
which  now  exceeds  $1  billion,  and  to  the  fact  that  the  amounts  reported  in 
this  category  in  both  actual  and  inflation-adjusted  terns  have  bee.*  grc.nng 
very  rapidly  in  the  past  five  years.    Our  impression  from  talking  to  those 
in  the  acedemic  community  U  thst  much  of  this  increase  constitutes  support 
of  scad cm ic  programs,  library  acquisitions,  and  aupport  of  individual 
departments  or  schools  within  the  institutions.    While  we  have  made  sotre 
chsnges  in  the  breakdowns  by  purpose  for  the  1983-84  survey,  it 
is  unlikely  that  we  will  be  able  to  determine  how  nuch  of  these  miscellan- 
eous grants  is  going  for  research  purposes.    It  is  probsble,  however, 
t 

thst  some  part,  and  perhaps  a  large  part,  of  the  departmental  support  is 
used  for  this  purpose* 

There  are  a  few  significant  figures  in  Table  2  on  psge  5.    The  last 
column  on  the  right  shows  that  total  voluntary  support  now  constitutes  only 
6.3  percent  of  the  total  operating  and  capital  expenditures  of  all  colleges 
and  universities.    Historically  this  percentage  has  been  higher  than 
this;  for  example,  as  recently  as  the  mid-1960s  it  was  about  ten  percent, 
then  it  fell  slowly  to  less  than  six  percent  ir  the  mid-1970s,  and  it  hss 
since  been  in  a  slight  uptrend. 
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Throughout  the  period  for  which  we  have  these  data,  voluntary 
aupport  has  risen  ouch  faster  than  the  rate  of  inflation,  and  this  is 
true  whether  inflation  ia  measured  by  the  Consumer  Price  Index  (CPl)  or 
the  Higher  Education  Price  Index  (HEPl).    It  has  also  risen  faster  than 
the  number  of  atudenta,  and  support  per  student  is  now  more  than  four 
timea  what  ia  was  in  1950.    However,  since  the  mid-1960s  the  growth  of 
private  giving  haa  been  slower  than  the  combined  effects  of  inflation  and 
enrollment  growth,  ao  that  support  pet  student  measured  in  constant 
dollara  is  now  AO  percent  less  than  it  was  in  1966.    There  has  al  5  been 
a  decline  in  institutional  expenditurea  per  student,  measured  in  constant 
dollara,  and  we  take  these  facts  to  support  the  view  that  there  haa  been 
aome  decline  in  quality  in  higher  education  that  has  probably  affected 
both  instruction  and  research. 

At  the  back  of  the  report  are  several  summary  and  historical 
tables  of  data.    On  page  72,  Table  E  givea  our  estimates  of  voluntary 
support,  with  a  breakdown  between  current  and  capital  money  and  the 
diatribution  by  aource,  for  all  yeara  since  1950.    There  are  two  pointa 
worth  noting     Support  for  capital  purposes  typically  exceeded  aupport 
for  current  operationa  until  1970;  aince  then  operating  aupport  has 
consistently  accounted  for  the  larger  share.    And  the  diatribution  of 
total  support  by  aource  has  displayed  an  extraordinary  stability;  the 
gifta  and  bequests  from  individuals  have  con's latently  accounted  for  about 
half  of  the  total,  with  roughly  equal  ah*tes  from  alumni  and  nonaluoni 
donora;  the  only  major  trends  are  a  generally  declining  share  from 
religious  denominations,  some  decrease  in  the  ahare  of  fou.idationa  since 
1969  and  a  significant  increase  in  the  proportion  of  the  total  that 
cornea  from  busineaa  corporations. 
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The  remainder  of  the  tabular  material  in  thia  report  represents 
not  our  estimated  for  all  higher  education  but  amount*  actually  reported 

*■•  by  the  participating  inatitutiona.    Of  apecial  intereat  to  thia  Taak 

Force  ia  the  bottom  half  of  Table  D  on  page  71.    The  amount a  reported 

;'  over  the  last  ten  yeara  have  shown  remarkable  stability  in  terms  of 

purpoee;  thore  hsa  been  a  decline  in  unrestricted  money  from  sbout  33 
percent  to  29  percent  and  a  corresponding  increaae  in  the  "other**  cate- 
gory from  17  to  21  percent;  support  for  physical  plant  and  for  reaeatch 
each  account  for  about  15  or  16  percent  every  year,  atudent  aid  haa  been 
relatively  conatant  at  13  percent,  and  faculty  com^nsstion  st  about  6 
percent. 

Finally,  I  call  your  attention  to  Table  C  on  page  70,  which 
shows  thst  a  grovp  of  70  or  75  pr£vi  e  univeraitiea  conaiatently  accounta 
for  between  35  and  40  percent  of  the  total  support  received  by  sll 
ins ti tit ions.  The  most  significant  chsnge  in  the  institutional  sharea  ia 
«  growth  for  the  public  collegea  and  univeraitiea  from  22  to  31  percent 
of  the  total  and  a  correaponding  decline  in  the  aharea  received  by  the 
,four  categories  of  smaller  private  collegea. 

All  thia  information  haa  been  stored  on  computer  tape  nince  1966, 
and  it  ia  possible  to  prepare  apecial  tabulatione  and  analyaes  of  theae  data 
to  aerve  particular  purposes  ss  needed.    In  order  to  aduteae  the  epecific 
aubject  of  thia  hearing,  we  have  prepared  a  few  aupplementary  tablea,  and 
they  are  appended  to  thia  statement. 

Table  1  shove  the  preliminsry  figures  from  the  1983*84  survey. 
The  escimsted  $5.60  billion  of  total  support  is  broken  down  by  source,  and 
the  results  reflect  a  continustion  of  recent  trends.    Agsin  I  csll  your 
attention  to  Ine  fact  that  support  from  business  corporations  haa  ahown 
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•n  extraordinary  increase  in  inf laticn-adjutted  terai  over  the  previous 
five  years.    Much  of  chie  growth,  perhsps  at  KUch  ■■  $250  million, 
is  sssociated  with  the  sddition  of  section  170(e)(4)  to  the  Internal 
Revenue  Code.    This  section  provides  for  an  enhanced  tax  deduction  in  the 
case  of  inventory  gifts  of  scientific  property  thst  are  made  to  institu- 
tions of  higher  education  and  to  be  used  for  research  or  experimentation 
or  for  resesrch  training  in  the  physical  or  biological  tciences. 

To  throw  some  light  on  this  astter,  we  conducted  a  survey  of 
the  lesding  industrial  corporations  last  year,  md  our  report  on  that 
survey  is  available  to  this  Task  rorce.    Although  the  response  rate  wss 
relatively  low,  the,  data  we  did  obtain  reveals  clesrly  that  this  type 
of  giving  is  dominated  by  the  eoapsnies  in  the  electricsl  machinery 
industry,  especially  companies  that'eanufscture  computers,  aedicsl 
instruments,  and  other  electronic. products.    The  numbers  sho&n  on  psge 
2  of  that  report  reflect  the  tsx-tJeductioo  .value  of  the  gifts  made,  and 
this  figure  is  significantly  lower  than  the,  list  price  value  used  by 
recipient  institutions  in  our  voluntary  support  survey. 

It  is  ay  personal  view  thst  this  enh&nced  deduction  should 
be  extended  to  all  inventory. gifts  of  coapsny  products  and  not  liaited 
to  any  class  of  qualified  recipients  or  to  any  designated  purposes. 
The  formula  used  for  the  tax  deduction  adequately  protects  the  public 
interest  in  preventing  the  kinds  of  abuses  that  led  to  the  restrictive 
legislstion  in  the  Tax  Reform  Act  of  1969,  and  it  would  clerrly  provide 
additional  incentives  for  contributions  of  stste-of-the-art  equipaent  to 
the  scientific  laborstories  on  the  Nation's  caapuses  as  well  as  a  broad 
srray  of  other  products  thst  are  useful  tnd  needed  by  charities  generally. 
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The  second  supplementary  table  attsched  to  this  statement 
givaa  *  breakdown  of  research  support  by  donor  groups  taken  from  our 
voluntary  support  surveys  of  1972-73  and  1982-83.    Thii  type  of  support 
if  of  relatively  little  interest  to  individual  given,  and  what  they  oo 
give  account!  for  a  small  share  of  tha  total*    Contribution!  for  resesrch 
purposes  ara  claarly  of  major  and  growing  interest  to  corporations 
and  foundations,  and  thay  account  for  about  70  percent  of  the  toteA. 

Table  3  shows  the  source*  of  total  support,  research  support, 
and  physical  plant  support  in  1982-83  with  the  division  between  current 
operating  support  end- support  for  capital  purposes.    While  capital 
support  accounted  for  42  percent  of  overall  giving,  it  comprised  only  9 
percent  of  giving  for  research  purposes.    The  bulk  of  research  support 
obviously  goes  for  institutional  operating  budgets.    Physical  plant 
support,  on  the  other  hand,  wss  92  percent  capital.    Some  psrt  of  the 
$614  million  reported  in  the  survey  was  undoubtedly  aimed  at  the  kinds  of 
research  inf rsstructure  in  which  this  Task  Force  is  interested,  but  we  do 
not  have  any  information  as  to  how  much. 
* 

Table  4  gives  an  historical  overview  of  estimated  research 
support  snd  shows  the  percentage  of  research  support  to  estimated  total 
support  for  all  purposes.    There  is  a  very  oodeat  uptrend  in  this  percent- 
age.   Prior  to  1974-75  it  sveraged  about  12.8  and  in  no  year  wss  it  ss 
high  as  15.0',  in  the  last  ten  yeara  it  haa  averaged  15.0  and  in  no  yesr 
wss  it  lete  thsn  13.9. 

While  prediction  ii  always  hstardous,  X  believe  there  are 
ressons  to  anticipate  further  modest  growth  in  this  percentsge.  One 
ressou  Is  the  growing  relative  importance  of  corporate  support  in  the 
totsl  picture;  in  the  past  15  yeara  the  percentage  of  corporate  giving  to 
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total  voluntary  support  hie  increased  fron  lett  thsn  15  percent  to 
■ore  then  22  percent  sad  it  it  still  riclnc*    Since  e  high  proportion  of 
corporate  support  it  dsslgnsted  Car  reecerch  purposes,  continued  growth 
in  the  rslstive  importance  of  corporate  eupport  will  ceuee  ine  furthar 
riew  in  the  relet ive  overell  importance  of  reeeerch  eupport*    A  eecond 
reeeon  ie  that  there  hee  been,  end  contlnuee  to  be,  a  growing  sense 
of  partnership  between  the  corporetlon  and  the  campus,  aspecielly  in  the 
reeeerch  area,  end  univeraities  are  Making  epeciel  effort e  to  enhance 
further  thle  comatunlty  of  interact. 

Table  5  gives  eooe  detail  of  total  corporate  eupport  end 
corporete  eupport  of  reseerch  by  type  of  institution  in  1982-83*  The 
most  relevant  figures  hftre  ere  thoee  which  ehow  the  relstlve  import snce 
of  public  end  privtte  institutions*    Although  corporations  give  more 
to  privste  Instltutlonc  than  to  public  colleges  end  univereities,  the 
proportion  of  support  designated  for  reseerch  purposes  et  public  Instltu- 
tione  is  more  then  double  the  corresponding  ouober  for  privet e  colleges 
end  univereities* 

Pleese  note  thst  the  division  of  corporete  support  of  four-yesr 
Institutions  between  public  end  privste  colleges  is  in  the  retlo  of 
4 6- to- 54;  25  yesrs  ego  the  retio  wss  25-to-75,  end  this  shift  reflects  e 
long-term  trend  of  growing  loportence  of  public  research  universities  to 
the  business  sector* 

CiV3»i  thet  corporete  suppers  for  public  institutions  is  growing 
acre  rapidly  t.«en  chst  for  privste  colleges  end  univereities,  *,u»  £iy«n 
the  re 1st Ive ly  greeter  Import ence  of  research  eupport  at  public  Institu- 
tions, if  follows  that  a  continuation  of  these  trends  will  Invsrlebly 
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raise  research  support  aa  a  percentage  of  total  corporate  support  of 
higher  education. 

Over  and  above  the  gifts  and  grants  that  corporations  provide 
to  colleges  snd  universities  for  research  purposes,  there  are  two  other 
forms  of  research  support  from  business.    One  is  contract  research,  in 
which  the  univesity  performs  specific  research  of  a  proprietory  or 
quasi-propfietoiy  nat  re  as  a  quid  pro  quo  for  the  money  it  receives 
under  the  contract.    The  aecond  covers  a  variety  of  cooperstive  research 
projects.    These  sre  typicslly  informal  arrangements  under  which  one  or 
more  persons  on  the  corporate  side  join  with  their  acsdemic  counterpsrta 
to  pursue  s  specific  line  of  inquiry;  the  corporstioa  will  often  loan  or 
donste  equipment  to,  and  pay  the  out-of-pocket  costs  of,  such  projects. 
In  both  these  casea,  of  course,  our  numbers  exclude  the  corporate  monet* 
received  by  the  institution. 

The  growth  of  these  relationships  in  the  psst  three  or  Zour 
yesrs  has  undoubtedly  been  stimulated  by  the  provision  in  the  Economic 
Recovery  Tax  Act  of  1981  which  sdded  section  30  to  the  Internal  Revenue 
Code.    This  is  the  25  percent  credit  for  increasing  research  activities, 
snd  it  will  e  „  ire  or  "sunset"  st  the  end  of  this  year.    The  success  of 
this  legislation  in  accomplishing  its  purposes,  namely  to  incresae 
corporate  reaesrch  and  development  activities,  snd  the  desirability  of 
increasing  such  activities  further,  indicates  the  ueed  for  making  this 
tection  of  the  Code  permanent.  And,  in  vietf  of  the  fact  that  the  credit 
new  applies  to  65  percent  of  any  incremental  contract  research  expendi- 
tures, including  contract  research  st  universities,  it  would  be  most 
unforturiste  if  this  section  were  sllowed  to  expire.    Indeed,  the  credit 
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should  be  renewed  and  a  higher  percentage  —  even  100  percent  —  of 
contract  research  on  campua  should  be  made  eligible  for  the  25  percent 
credit. 

A  final  word  on  public  policy  in  the  area  of  private  giving 
to  higher  education.    Educational  support  is  a  part  of  total  charitable 
contributions  from  individuals,  corporationa  and  foundations.  The 
basic  motivation  for  making  contributiona  hat  little  or  nothing  to  do 
with  the  tsx  lava;  people  and  corporations  &ive  for  reasona  that  are 
independent  of  taxation.    However,  once  the  decision  to  give  has  been 
cade,  the  charitable  deduction  doea  have  an  influence  on  the  amount  that 
is  given.    While  thia  is  theoretically  true  for  all  individuals,  it  ia 
particularly  true  for  those  in  the  upper  tax  bracketa. 

The  relevance  of  this  to  the  purpose  of  thia  hearing  Is  that 
private  contributions  for  reaearch  and  for  research  inf raatructure  at 
univeraities  in  the  future  will  depend  greatly  on  the  content  of  the 
tax  laws  with  respect  to  the  charitable  deduction.    Any  sioplif ication 
of  the  income  tax  involving  the  reduction  of  marginal  rates  will  indirect- 
ly tend  to  reduce  the  amounts  that  people  and  corporations  give,  s imply 
bec*-ise  it  would  increaae  the  after-tax  coat  of  contributions.  Since 
ther*  is  a  valid    Sjective  to  be  served  by  such  rate  reduction,  then 
the  indirect  impact  on  charitable  giving  is  simply  a  burden  that  will 
have  to  be  bcrne. 

However,  there  have  been  specific  proposals  for  altering 
the  charitable  deduction  itse, £,  and  these  would  have  additional  and 
direct  negative  effects  on  giving,  including  research  support  to  higher 
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education.  One  proposal  would  put  a  floor  on  the  deduction,  so  chat 
only  contributions  in  excess  of  some  specific  dollar  aoount  or  some 
percentage  of  income  would  be  deductible.    Another  proposal  would  Unit 
the  Jeduction  for  gifts  pf  property  to  the  lower  of  cost  or  inflation- 
adjusted  cost,  and  deny  any  deduction  for  capital  appreciscion  in  such 
gift  property.    A  third  proposal  -would  eliminate  the  present  provision 
for  an  above-t he-line  deduction  for  nonitenirers.    All  three  of  these 
proposals,  taken  together,  would  seriously  erode  the  present  levels 
of  charitable  giving  in  general  and  support  of  higher  education  in 
particular. 

I  would  hope  that  the  members  of  this  Task  Force  will  conclude 
that  private  support  of  research  and  of  research  infrastructure  at 
universities,  although  sea 11  in  relation  to  support  by  government  in 
recent  yeaes,  is  a  necessary,  desirable,  and  vital  activity,  to  be 
encouraged  to  the  naximua  reasonable  extent.  -And  should  any  of  the 
above  tax  proposals  become  part  of  a  tax  simplification  bill,  I  would 
hope  that  the  members  of  this  Task  Force  will  oppose  those  proposals 
as  contrary  to  the  public  interest. 

This  concludes  my  prepared  statement.  If  there  are  any 
questions  or  needs  for  amplification  of  any  of  the  above  facte,  I 
will  be  happy  to  try  to  provide  the  answers. 
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Table  1.    Estimated  Voluntary  Support,  by  Source  and  Purpose  (oillions) 


Percent  change,  1983-84 


v. iy /o-/y 

1978-79    1982-83    1983-84        v.1982-83     v. 1978-79     adj.  for  HEPI 


TOTAL  VOLUNTARY  SUPPORT 

Sources: 
AluBtti 

Nonaluani  individuals 
Foundations 


$3,230 

$5,160 

$5,600 

+  C.5 

+73.4 

$  785 

$1,237 

$1,305 

+  5.4 

♦66.2 

736 

1,190 

1,316 

♦10.6 

+78.8 

701 

1,018 

1,081 

+  6.2 

+54.2 

556 

1,112 

1,271 

♦14.3 

+128.6 

161 

206 

190 

-  7.8 

+18.0 

291 

397 

437 

♦10.1 

+50.2 

$2,010 

$3,125 

$3,405 

♦  9.0 

+69.4 

1,220 

2,035 

2,195 

+  7.9 

+79.9 

206.4 

293.8 

3C4.8 

+  3.7 

+47.7 

216.9 

308.8 

325.4 

+  5.4 

+50.0 

+15.6 


+10.8 
+19.2 


Business  Corporations  556       1,112       1,271  +14.3  +128.6  .+52*7  r1 

Religious  Organizations  161  206  190  -  7.8  +18.0  -21*6 

Other 

Purposes: 

Current  Operations  $2,010     $3,125     $3,405  ♦  9.0  +69  4  +12  8 

Capita  Purposes  1,220       2,035       2,195  ♦  7.9  +79.9  ^o!l 

Price  Indices  (1967-100): 
Consuoer  (CPI) 
Higher  Education  (HEPI) 
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Table  2.    Voluntary  Support  for  Research  Purposes,  by  Donor  Groups  (millions) 


Alumni 

Nonalumni  Individuals 

Foundations 

Business  Corporations 

Religious  Organizations 

Other 


1972-73 

Percent 

of  total 

Aaount 

Z 

support 

$  13.3 

5.8 

3.2 

37.6 

16.3 

8.0 

89.0 

38.6 

21.7 

53.9 

23.4 

21.6 

.1 

.1 

36.9 

16.0 

29.3 

$230.8 

100.0 

}3.2 

1982-83 

Percent 

of  total 

Aaount 

Z 

support 

$  24.8 

3.9 

2.4 

77.2 

12.2 

7.7 

207.4 

32.7 

24.1 

232.0 

36.6 

24.6 

.4 

.3 

92.9 

14.6 

27.7 

$634.7 

100.0 

14.5 
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Table  3.    Total  Voluntary  Support,  Reaearrch  Support,  and  Support  for  Physical  Plant, 
by  Purpose  (Current  Operations  and  Capital  Purposes),  1982-83  (millions) 


Total  Voluntary  Support 


Total 

Cur.  Cap. 

Aluani 

$1,046.9  $ 

503.8  $  543.1 

Nonalunni  Inda. 

1,007.2 

450.5  556.7 

Foundations 

862.1 

497.2  364.9 

Corportions 

941.6 

'662.4  279.2 

Religious  Orgns. 

174.4 

150.2  24.2 

Other 

335.9 

260.3  75.6 

Total 

$4,368.1  $2,524.4  $1,843.7 

Research  Support 


Total  Cur. 


Cap. 


$  24.8  $  18.0  $ 
77.2  48.6 


207.4 
232.0 
.4 
92.9 


198.2 
222.7 
.1 
90.1 


6.8 
28.6 
9.2 
9.3 
.3 
2.8 


Support  for 
Physical  Plant 

Total    Cur.  Cap. 


$132.5 
153.3 
177.9 
167.0 
16.1 
22.6 


7.8  $124.7 
11.3  142.0 


14.3 
16.0 
2.6 
3.4 


163.6 
151.0 
13.5 
19.2 


$643.7  $577.7  $  57.0        $669.4  $  55.4  $614.0 


<5 
<5 
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Table  4.    Estimated  Voluntary  Support  and  Support  of  Research,  1954-55  to  1983-84 


Total 
Voluntary  • 
Support 

Support 
of 

Research 

X 

1954-55 

$  475 

$  60 

12.5 

1956-57 

840 

85 

9.9 

1958-59 

760 

105 

14 .0 

1960-61 

900 

125 

14.1 

1962-63 

1,050 

140 

13.4 

1964-61* 

1,400 

155 

11.2 

1965-66 

1,440 

205 

14.4 

1966-67 

1,480 

185 

12.4 

1967-68 

1,600 

200 

12.5 

1968-69 

1,8U0 

225 

12.5 

1969-70 

1,780 

215 

12. 1 

1970-71 

1,860 

245 

13.3 

1971-72 

2,020 

260 

12.8 

1972-73 

2,240 

290 

13.0 

1973-74 

2,240 

290 

13.0 

1974-75 

2,160 

325 

15.0 

1975-76 

2,410 

355 

1A.7 

1976-77 

2,670 

400 

14.9 

1977-78 

3,040 

475 

15.7 

19/8-79 

3,230 

505 

15.7 

1979-80 

3,800 

575  , 

15.1 

1980-81 

4,230 

630 

14.9 

1981-82 

4,860 

675 

13.9 

1982-83 

5,160 

750 

14.5 

1983-84 

5,600 

840 

15.0  (est.) 
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Table  5.  Corporate  Support  of  Colleges  end  Universities  and  Corporate  Support  of 
Research,  by  Type  of  Institution,  1982-83  (millions) 


Total 
Corporate 
Support 

Corporate 
Research 
Support 

X 

Private  Universities  (73) 

*  334.1 

$  74.3 

22.2 

Private  Hen's  Colleges  (9) 

1.5 

- 

Private  Women's  Colleges  (77) 

13.4 

.2 

Private  Coeducational  Colleges  (495) 

127.9 

1.9 

1.5 

Private  Professional  &  Specialised  Xnsts.  (90) 

27.9 

6.2 

22.2 

Total  Private  Four-Year  Institutions  (744) 

$  504.8 

$  82.7 

16.3 

Total  Public.  Four-Yeer  Institutions  1267) 

428.0 

149.3 

34.8 

Total  Four-Year  Institutions  (1,011) 

$  933.4 

$  232.0 

24.8 

Two-Year  Institutions  (126) 

8.2 

Grand  Total;-  All  Institutions  (1137) 

$  941.6 

$  232.0 

24.6 

Mote:  Numbers  in  parentheses  are  numbers  of  participating  institutions. 

ERIC  IBS 
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Council  for  Financial  Aid 
mn^l  to  Education,  Inc. 

iAfl^l   680  Fifth  Avenue.  New  Yoric  New  Yo*  10019 


C0RP0RA1S  CIFTJ  OF  COMPANY  PRODUCTS  AND  OTHER  PROPERTY 
TO  EDUCATION 


Introduction 

Corporate  interest  in  donations  '-f  company  products  to  colleges 
and  universities  grew  sharply  after  the  passage  of  the  Economic  Recovery 
Tax  Act  (ERTA)  in  August  1981.     ERTA  provided  for  enhanced  tax  deductions 
Tor  girts  fron  inventory  of  products  to  be  used  in  research  or  research 
traininj  in  the  physical  and  biological  sciences.    CFAE  started  to  collect 
data  in  1982  about  the  total  amounts  or  these  gifts  and  of  gifts  of  other 
types  or  property  to  education  in  its  two  annual  surveys— Voluntary  Support 
of  Education. and  Corporate  Support  of  Education.    In  the  1983  edition  of 
the  latter,  25  corporations  reported  donations  or  $17.5  million  in  company 
products  to  education.    But  no  details  existed  about  the  nature  or  these  girts 
and  company  policies  concerning, them.    Hence,  a  special  survey  was  Indicated. 

In  the  rail  or  1981,  "product-property-girt"  questionnaires  were 
sent  to  1,663  corporate  contributions  orricera  to  solicit  these  additional 
details  about  girts  to  education  only.    A  total  or  298  companies  responded; 
102  made  girts  or  company  products,  other  property  or  both.    An  additional 
7  had  no  formal  programs  but  were  beginning  to  track  such  contributions, 
whicti  were  usually  mad    by  divisions  or  subsidiaries.    The  remaining  189 
did  not  make  such  girts. 


Survey  Results 


A  breakdown  ol*  the  responses  by  type  or  program  and  by  Industry 
sector  follows: 


Industry 

Type  or  Program  — . — .  _   Total 

Hanurac-        Nonmanu-  Unknown 
turing  racturing 

Company  products 
only  19  2  21 

Both  products  and 
other  property         30  3  33 

Other  property 

only  15  30  3  18 


TOTAL  61  35  3  102 
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Despite  the  fact  that  all  of  these  companies  indicated  the  existence 
of  programs  for  making  produot  or  property  gifts,  not  a)l  of  them  made  such 
gifts  in  any  given  year  or  even  every  year,  nor  could  all  of  them  put  a  volu 
on  3uch  gifts.    Some  companies  have  not  kept  track  of  such  gifts  in  the  past 
Some  gifts  were  equipment  that  had  already  been  fully  depreciated  and  had  no 
book  value.    Some  companies  did  not  answer  all  questions.    Although  the  size 
of  the  sample  is  too  small  to  per  "it  generalization  to  the  total  corporate 
community,  the  data  reported  are  sufficient  to  provide  a  valuable  insight 
into  the  amount  and  nature  of  th  rfe  gifts.    The  respondents  also  represent 
the  major  company  product  donors  Jcncwn  to  CFAE. 

Gifts  of  Company  Products 

Nineteen  companies  in  8  manufacturing  industries  made  donations  of 
company  products  only.    An  additional  30  manufacturers  in  those  8  and  two 
other  industry  groups  gave  both  company  proJucts  and  other  property. 
Two  companies  in  a  service  industry  gave  company  products,  one  through 
a  manufacturing  subsidiary.    Three  companies  in  three  additional  nonmanu- 
facturing  industry  groups  reported  the  existence  of  programs  for  making 
both  types  of  gifts,  although  only  one  reported  asking  such  gifts  during 
the  period  covered  by  the  survey  <t983  and  198*0. 

The  value  of  product  gifts,  where  known  and  reported,  was  as  follows: 

Gifts  of  Company  Troducts 

Industry  1933 

Manufacturing: 

Eleotrical  machinery  (21)  $61,729,490 

Chemicals  &  drugs  (6)  13.910,196 

Food,  beverage  &  tobacco  (4)  32,939 

Machinery  (4)  480,000 

Fabricated  metals  (3)  32,800 

Primary  metals  (3)  3,818 

Paper  &  lumber  (3)  1,500 

Printing  &  publishing  (2)  41,485 

Petroleum  &  gaa  (2)  12,500 

Transportation  equipment  (1)  25,000 


Nonmanufacturing: 
Transportation  (2)  $ 
All  others  (3) 

Subtotal  -  Nonmanufacturing  (5)$ 


1984 

(19) 

$95,2*1,540 

(14) 

(3) 

107,917 

(3) 

(3) 

36,420 

(3) 

(3) 

311,700 

(3) 

(3) 

252,000 

(3) 

(1) 

!,000 

(1) 

(1) 

11,800 

(1) 

(2) 

33.809 

(2) 

(2) 

13.500 

(2) 

(1) 

(38) 

$96,109,286 

02) 

(2) 

$  45,000 

(1) 

(1) 

500 

(1) 

'  (3) 

$  45,500 

(2) 

(41) 

$96,155,186 

(34) 

GRAND  TOTAL  (54)  $76,310, 
(Numbers  in  parentheses  show  tr    number  of  companies  reporting.) 
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As  can  be  seen  in  the  table,  the  electrical  industry  dominated  this 
type  of  giving.    Of  the  19  electrical  machinery  companies  donating  their 
products  in  1983*  7  (or  36* 8  percent)  said  they  gave  only  to  colleges,  while 
12  (or  63.2  percent)  gave  to  bo>.h  colleges  and  preco liege  institutions.  In 
1981*  6  (12.9  percent)  gave  to  colleges  only  and  8  (57.1  percent)  gave  to 
both  educational  levels.    Hone  gave  only  to  precollege  institutions  in 
either  year. 

Or  the  remaining  33.  13  (11.8  percent)  gave  to  colleges  only,  6  (20.7 
percent)  to  precollege  institutions  only  and  31  (3*1.5  percent)  to  both.  Four 
did  not  Indicate  an  educational  level. 

There  was  considerable  variation  in  valuation  practices.    Of  the  51 
companies  reporting  donations  of  cc«pany  products,  22,  or  Just  under  11 
percent,  used  the  sales  price,  list  price  or  fair  m.rket  value  to  notify 
recipients  or  the  value  or  the  girt.    Another  18,  oi  33,3  percent,  em- 
ployed a  lesser  rigure,  including  the  discounted  price,  the  book  value, 
cost,  or  hair  the  difference  between  cost  and  resale  price.    These  latter 
mechanisms  nay  apply  to  the  "other  proper ty"  gifts  that  some  of  these 
companies  made,  because  the  questionnaire  did  not  differentiate  between, 
the  two  types  or  girt  when  asking  Tor  methods  or  noti Tying  donees  or  girt 
values.    Just  over  one  qjarter  (13.  or  25.9  percent)  either  did  not  answer 
or  did  not  notiry  recipients  oT  the  value  oC  the  girt.    One  company,  Tor 
example,  explained  that  the  donation  was  already  fully  depreciated.  Obviously, 
this  comment  applied  to  gifts  or  other  property. 

Forty  of  the  manuracturers  and  three  oC  the  nonmanuTacturers  donating 
only  company  products  took  them  as  a  tax  deduction  in  1983'.  the  numbers  dropped 
to  37  and  3.  respectively,  in  1981.    Some  of  the  respondents  made  no  product 
girts  in  1983;  others  made  none  in  1981.    The  sample  was  dirrerent  each  year. 

Girts  rrom  11  companies  were  eligible  Cor  the  enhanced  deduction  under 
Section  170(e)(3)  or  the  Internal  Revenue  Code  Tor  "care  or  the  ill,  the 
needy,  or  inrants.w   Girts  rrom  21  companies  were  eligible  Tor  the  enhanced 
Jeduction  under  Section  170(e)(1)  Tor  research  or  research  training,  as 
provided  in  ERTA.    Although  15  or  the  companies  indicated  that  they 
had  written  policies  and  Torms  Tor  certification  by  *he  recipient  about 
the  use  or  the  donations,  only  Tour  *^ero  able  to  provide  copies. 


Girts  of  Other  Property 

Oth^r  property  donations  were  slmost  entirely  used  or  surplus  items. 
They  are  often  unplanned,  and  data  about  their  value  tend  to  be  very  lumpy. 
Host  frequently  they  were  used  furniture  or  orrice  equipment,  but  also  included 
used  audiovisual  or  computer  equipment,  used  vehicles  or  paper  and  orrice 
supplies.    Occasionally,  companies  gave  real  estate  and  art  works,  usually 
on  a  one-time  Kasis,  and  some  of  them  at  times  provided  construction  materials 
or  pro  bono  services,  with    no  tax'  deduction  being  taken  on  the  latter. 
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Of  the  15  manufacturing  companies  that  donated  other  property  to 
educational  institutes,  the  30  that  gave  both  products  and  property 
represented  10  Industries;  the  15  that  confined  their  gifts  to  other 
property  were  in  only  7  of  thoe  industries.    The  30  nonraanufacturers 
that  gave  other  property  werr  in  7  industry  groups,  with  the  three  that 
also  gave  company  products  in  three  of  those  groupings. 

The  breakdown  of  corporate  gifts  of  other  property  by  Industry 
groupings  is  as  follows: 

Corporate  Gifts  of  Other  Physical  Property 
Industry  10JJ3  19911 


Manufacturing: 

Electrical  machinery  (14) 
Chemicals  &  drugs  (9) 
Petroleum  &  gas  (6) 
All  others  (16) 

Subtotal  -  Manufacturing  (45) 

Nonmanufacturlng: 
Utilities  (9) 
Insurance  (7) 
banking  (6) 

Telecommunications  (5) 
Engineering  &  Construction  (2) 
All  others  (1) 


Unknown  (anonymous  replies)  (3) 
GRAND  TOTAL  (81) 


$  1,876,7« 

(6) 

$  2,576,000 

<5) 

8,699,218 

(1) 

276,917 

(3) 

1.760,753 

(3) 

71.700 

(3) 

1,524,078 

(5) 

188,662 

(6) 

$13,860,791 

(18) 

*  3,113.279 

(17) 

$  302,672 

(7) 

%  18,116 

(5) 

97,500 

(1) 

9,200 

(3) 

51,500 

(2) 

2,142,616 

(1) 

1.312.317 

(1) 

15,000 

(2) 

10,000 

(2) 

20,000 

(1) 

)*  2,629,288 

(20) 

t  15 379, 663 

(11) 

$  623.500 

(3) 

$  117,500 

(2) 

3I3SI3S3E: 

3333333333 

$17,113,579 

$  1,610,442 

(33) 

(Numbers  in .parentheses  show  the  number  of  companies  reporting.) 


Only  71  of  the  respondents  indicated  the  educational  level  to  which  they 
cade  property  girts.    Almost  half  (36,  or  18.7  percent)  gave  to  both  colleges 
and  universities  and  precollege  institutions;  30,  or  10.5  percent,  gave  to 
colleges  only  and  8,  or  10.8  percent,  to  schools  only. 
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Of  the  18  companies  that  only  gave  property,  28  notified  recipients 
of  the  value  of  their  gifts.    Fifteen,  or  31.2  percent,  uaed  the  Hat  price 
or  fa.r  market  value;  13,  or  27.1  percent,  applied  a  variant,  such  aa  the 
net  depreciated  value,  the  salvage  value  or  an  appraiaed  value.    The  reat 
(20,  or  11.7  percent)  either  did  not  anawer  or  had  already  depreciated  the 
property  and  therefore  took  no  tax  deduction  on  it.     Slightly  over  half  (26) 
of  the  eompaniea  took  a  tax  deduction  for  their  property  gifta  in  1983; 
exactly  half  did  ao  in  1984. 


Where  do  Proposals  Originate? 


Host  requests  for  company  produeta  came  from  recipients,  but  an 
almost  equal  number  of  offers  of  gifta  origina',cd  with  the  companies.  Moa 
or  the  companies  responded  to  requests  as  well  as  made  their  own  offers. 
Three  respondenta  also  received  proposals  from  employees  outside  the 
contributions  function  for  gifts  to  organizations  they  worked  with. 

Requests  for  gifts  of  HotherH  property  originated  equally  from  <<onee 
requests  and  from  within  the  companies.    Again,  most  companies  received 
proposala  from  both  sources.    Two  also  received  proposals  from  employees 
who  had  worked  with  the  recipient  organization. 


Discounted  Pricing 

Fourteen  of  the  companies  donating  only  their  own  manufactured  products 
also  sold  their  products  to  educational  institutions  at  discounted  prices. 
These  companies  were  in  three  industries:    eleetrical  machinery,  printing 
and  publishing  and  petroleum  and  gas.    Host  of  them  indicated  that  they 
gave  standard,  industry-wide  discounts.    A  few,  however,  reported  that 
discounting  was  done  only  by  certain  di  isions  or  subsidia.ies  and  th*v  there 
was  no  company-wide  polioy.    A  fc*  others  were  in  the  process  of  setting  up 
a  company  policy.    The  remainder  of  the  respondents  either  reported  that 
their  company  had  no  such  policy  or  did  not  answer  the  question. 


CFAE  Research 
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Mr.  Puqua.  Now  we  will  hear  from  Dr.  Frank  Sprow,  vice  presi- 
dent of  Exxon  Research  &  Engineering  Co. 
[A  biographical  sketch  of  Dr.  Sprow  follows:] 


Dr.  Sprow  received  his  Bachelor  of  Science  (1962)  and  Master  of  Science  (1963)  de- 
ffi?  Chemical  Engineeri^  from  MTT  and  his  Ph.D.  in  Chemical  Engineering 
(1966)  from  the  University  of  Co.  forma  at  Berkeley. 

Dr.  Sprow  assumed  his  current  position  in  December  1982  as  Vice  President, 
Technology  Support  for  Exxon  Research  and  Engineering  Company,  Clinton,  New 
^l?6^  SuPP°rt  k  responsible  for  managing  business  and  technical  sup- 

port to  ER&ETs  R&D  and  engineering  activities.  This  includes  financial,  legal,  ana- 
Wr.^'  computing,  and  other  areas.  Construction  and  planning  for  ER&E's  new  fa- 
cilities ara  also  included. 

He  began  his  career  with  Exxon  at  Baytown,  Texas,  in  1966  and  worked  in  vari- 
ous engineering  and  supervisory  positions  there.  In  May  1971,  Dr.  Sprow  joined 
Exxon  USA's  bupply  Department  in  Houston,  and  later  became  Head  of  Com- 
merce-Raw Materials,  responsible  for  negotiations  for  purchase  and  sale  of  Exxon's 
US.  crude  oil  supplies.  He  then  became  Technical  Manager  of  Exxon  ILS.A/8 
Bayway,  New  Jersey  Refinery  in  August  1976  and  was  named  Operations  Manager 
in  August  1977.  Dr.  Sprow  joined  Exxon  Research  and  Engineering  in  March  1979 
and  was  General  Manager  of  Petnleum  R&D  Programs.  In  January  1980,  he  was 
promoted  to  Vice  President,  Synthetic  Fuels  Research,  where  he  was  responsible  for 
development  and  management  of  Exxon's  research  efforts  on  the  conversion  of  coal 
and  shale  to  liquid  and  gaseous  products. 

Dr.  Sprow  is  a  member  of  the  AIChE  and  the  Society  of  Automotive  Engines. 
He  is  active  in  Exxon's  university  relationships  programs  and  has  served  c-  various 
college  advisory  boards. 

STATEMENT  OF  DR  FRANK  B.  SPROW,  VICE  PRESIDENT?,  EXXON 
RESEARCH  &  ENGINEERING  CO.,  ANNANDALE,  NJ 
Dr.  Sprow.  Thank  you,  Mr.  Chairman. 

It  is  a  pleasure  to  have  the  opportunity  to  offer  an  industry  per- 
spective regarding  the  research  infrastructure  at  the  university. 

I  am  quite  concerned  about  the  condition  of  our  university  re- 
search facilities.  Frequently,  when  I  visit  a  university  lab,  I  see  ob- 
solete instruments,  crowded  and  marginally  safe  facilities  and  the 
move  to  shared  computing  and  electronically-linked  research  appa- 
ratus has  passed  many  schools  by. 

At  the  same  time  the  health  of  the  university  research  system  is 
critical  to  industry.  We  need  trained  graduates  in  our  own  labora- 
tories and  fundamental  work  is  carried  out  on  the  universities 
which  is  too  speculative  for  profit-making  firms  to  engage  in. 

This  problem  needs  more  than  money  as  a  cure.  If  we  continue 
with  current  methods  of  funding  university  research,  not  enough 
money  could  be  printed  to  really  solve  the  infrastructure  problem 
on  a  continuing  basis,  especially  if  the  United  States  wants  to 
retain  its  technological  edge. 

As  severe  as  this  problem  is,  in  my  view  it  could  well  be  much 
worse  but  for  the  1981  Tax  Act  which  provides  an  incentive  for  cor- 
porate donations  of  research  and  development  equipment  &  univer- 
sities. The  fruits  of  this  program  are  obvious,  most  particularly  in 
the  electronics  and  computing  disciplines.  The  coming  consider- 
ation of  tax  reform  proposals  should  certainly  include  this  discus- 
sion of  this  important  area. 

Let  me  back  up  and  say  that  in  ray  experience  an  effective  re- 
search and  development  program  has  five  requirements: 

First,  creative  people  working  independently  and  in  teams. 
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Next,  state-of-the-art  facilities  and  tools. 

Next,  establishment  of  realistic  research  objectives,  including 
how  the  work  will  be  used  if  it  succeeds. 
Next,  sharing  of  resources  to  save  money. 

rinally,  but  very  importantly,  stewarding  the  results  of  the  re- 
search to  insure  that  we  have  learned  from  the  experience,  positive 
or  negative.  Did  we  get  what  we  paid  for?  If  we  did,  fine.  If  not, 
why  not? 

The  current  system  of  individual  grants  to  university  researchers 
has  been  successful  in  the  first  of  these,  attracting  creative  people, 
but  contributes  relatively  little  to  the  other  four.  An  alternate  ap- 
proach that  would  lend  itself  to  greater  utilization  of  business  prin- 
ciples for  managing  our  research  resources  would  be  the  adoption 
of  supplemental  institutional  grants  to  encourage  the  establish- 
ment of  a  centralized  facility.  Such  centers  would  be  collaborative- 
ly managed,  by  the  institutions  using  them.  As  envisioned  here, 
they  would  facilitate  the  acquisition,  maintenance,  and  sharing  of 
instrumentation.  Flexible  guidelines  could  enable  the  aggregation 
of  funds  for  the  purchase  of  expensive  instruments. 

Second,  a  reasonable  level  and  continuity  of  funding  could  allow 
a  long-term  commitment  to  provide  adequate  maintenance  support 
and  operating  personnel. 

Third,  the  scale  of  the  programs  would  make  it  possible  to  pro- 
vide shared  instrumentation  and  management  in  a  cost-effective 
manner. 

The  principal  motivation  behind  establishing  and  funding  cen- 
tralized research  facilities  is  an  attempt  to  solve  the  dilemma  cre- 
ated by  the  combined  increases  in  the  need  for  and  the  cost  of 
modern  research  facilities. 

At  some  cost  threshhold,  it  is  clear  that  centralized  research  fa- 
cilities are  necessary,  because  the  infrastructure  required  to  sup- 
port research  is  simply  too  expensive  to  continue  to  exist  under  the 
purview  of  the  individual  researcher,  a  single  department,  a  single 
university,  or  a  single  company. 

The  concept  of  shared  research  facilities  is  already  establibhed  in 
the  field  of  physics  where  instrumentation  at  very  high  cost  is  re- 
quired; for  example,  synchrotron  light  sources. 

When  instrumentation  and  facilities  of  such  high  capital  and  op- 
erating costs  are  involved,  there  is  no  alternative  to  shared  facili- 
ties. There  are  several  successful  university,  industry,  and  Govern- 
ment cooperative  arrangements  in  operations  today.  Under  the  di- 
rection of  Stanford  University,  an  accelerator  was  constructed  with 
Federal  funds.  Usage  of  this  instrument,  while  managed  by  Stan- 
ford, is  allocated  on  a  proposal  basis  to  industry,  Government,  and 
other  universities. 

Industry  has  contributed  significant  resources  to  improve  the  ca- 
pabilities of  this  facility.  For  example,  in  partnership  with  the 
Lawrence  Berkeley  Laboratory  and  Stanford,  we  at  Exxon  have  ex- 
panded the  facility  to  include  the  world's  most  powerful  x-ray 
source  which  is  used  for  materials  science  research.  A  similar  col- 
laboration which  we  are  involved  in  exists  at  Brookhaven  Labora- 
tory on  Long  Island  where  the  National  Synchrotron  Light  Source  is 
managed  by  an  advisory  committee  of  representatives  from  several 
universities. 
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The  participating  research  team  concept  enables  industry  as  well 
as  university  and,  Government  labs  to  contribute  funds  and  exper- 
tise to,  enhance,  and  upgrade. the  instrumentation  in  return  for  pri- 
ority use..         -  '    .  ' 

Collaboration^  between  universities  and  industry  in  centers  or 
through  other  vehicles  ^provides  /an  opportunity  to  take  unique  ad- 
vantage ofthe,  different  characteristics  of  each,  the  universities  on 
the  one  side,  industry  on^the  other. 

Universities  often  have  difficulty  upgrading  their  facilities  and 
instrumentation.  At  the  same  time,  labor  costs  are  low  at  universi- 
ties due  to  the  involvement  of  graduate  students  in  the  research 
program. 

m  In  industry,  just,  the  converse  is  true.  Investment  in  equipment 
presents  ho  unusual  hurdles.  If  it  is  justified,  it  is  purchased.  At 
the  same  time,  labor  costs  are  quite  high  in  industry  due  to  exten- 
sive overh^d.associated  with  recruiting,  training,  and  other  typi- 
cally corporate  costs..  This  suggests  collaborations  in  such  centers 
where  at  the  margin  equipment  is  supplied  by  industry  and  staff- 
ing from  universities. 

I  also  believe  it  is  time  that  universities  and  the  Government 
give  serious  consideration  to:  some  of  the  management  procedures 
and  techniques  which  have  been  used  by  industry  to  increase  effi- 
ciency and  output.  The  principles  have  been  around  for  a  long 
time:  justification,  objectives  set,  stewardship.  These  principles  are 
just  as  applicable  to -individual  university  administrations  as  they 
are  to  shared  instrumentation  facilities. 

The  establishment  of  a  formal  justification  procedure  going 
beyond,  initial  procurement  would  help  insure  cost  efficiency  and 
improve  return  on  investment  not  only  for  the  procurement  of 
equipment,  but  also  its  maintenance,  upgrading,  and  eventual  re- 
placement based  on  expected  obsolescence  rates. 

Proposals  to  acquire  equipment  should  be  required  to  address 
questions  of  continuing  maintenance,  training  needs,  safety  of  oper- 
ating personnel,  planned  use,  availability  of  existing  instruments 
which  might  do  the  job,  and  included  in  that  analysis  of  alterna- 
tives to  the  proposal. 

Setting  objectives  for  what  we  expect  to  achieve  would  provide 
benchmarks  for  measuring  and  controlling  progress.  Just  what  is  it 
that  we  need  to  measure,  with  what  accuracy,  how  rapidly? 

In  industry,  such  objectives  are  crucial  to  good  long-range  plan- 
ning, and  the  efficient  rebuilding  of  our  research  infrastructure  re- 
quires just  such  a  long-range  view. 

The  establishment  of  a  stewardship  mechanism  can  help  insure 
maximum  scientific  results  with  the  resources  e^  jnded.  In  the  ab- 
sence of  a  direct  economic  and  competitive  focus,  there  is  a  need 
for  a  mechanism  to  insure  accountability.  In  industry  we  hold  re- 
searchers accountable  for  their  investment  decisions  as  well  as  the 
quality  and  productivity  of  their  research  work.  While  we  dare  not 
breathe  excessive  conservatism  into  a  research  organization,  an  in- 
telligently applied,  continuing  appraisal  process  is  needed  so  that 
we  can  allocate  scarce  funds  to  the  most  productive  laboratories 
and  the  most  effective  workers. 

There  is  also  a  great  opportunity  for  the  Federal  Gov^ment  to 
leverage  its  funds  through  collaborations  with  State  irnments 
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who  have  also, begun  to  recognize  the  importance  of  a  h  ^althy  re- 
search infrastructure  to  their  economic  well  being. 

In  -my  State,  New  Jersey,  ;the,.Govemor  established  a  special  com- 
mission to  examine  ways  of  upgrading  tHe  State's  research  infra- 
structure* The  commission  recommended  the  passage  of  a  bond 
issue 'to  create  four  advanced  technology  research  centers  at  key 
New  Jersey  universities.  Th3  electorate  approved  the  bond  issue  in 
the  November  1984  general  election.^ 

In  addition  to  conducting  research  on  new  techniques,  these  cen- 
ters will  share  information  with  other  academic  institutions,  gov- 
ernment, industry,  and  the  public.** 

These  are  suggestions  meant  to  stimulate  discussion  on  solutions 
to  this  critical  problem..  I  have  expanded  on  them  in  my  submitted 
testimony. 

Research  is  becoming  so  capital-intensive  that  strong  manage- 
ment procedures  must  be  used  to  insure  that  our  country's  techno- 
logical investments  yield  maximum  return.  At  the  same  time  we 
must  iscognize  that  a  purely  business  approach  will  not  fit  Uni- 
versities are  and  should  be  different 

I  do  know  that  in  encouraging  our  researchers  and  managers  to 
work  with  universities  on  this  issue,  industry  has  demonstrated  a 
willingness  to  help  and  that  this  help  is  needed. 

Thank  you. 

[The  prepared  statement  of  Dr.  Sprow  follows:] 
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MR.  CHAIRMAN  AND  MEMBERS  OF  TH2  COMMITTEE: 

MY  NAME  IS  FRANX  SPP<W,  ANO  I  AM  VICE  PRESIDENT, 
TECHNOLOGY  SUPPORT,  EXXON  RESEARCH  AND  ENGINEERING 
COMPANY.  MY  RESPONSIBILITIES  INCLUDE  PROVIDING  BUSINESS 
AND  TECHNICAL  SUPPORT  TO  THE  COMPANY'S  RESEARCH  ANO 
DEVELOPMENT  ACTIVITIES.  I  ALSO  SERVE  AS  A  MEMBER  Of  THE 
GOVERNMENT  RELATIONS  COMMITTEE  OP  THE  COUNCIL  FOR  CHEMICAL 
RESEARCH  #  AND  THE  COMMITTEE  ON  SCIENCE,  ENGINEERING  AND 
PUBLIC  POLICY  (COSEPP)  OF  THE  AMERICAN  ASSOCIATION  FOR  THE 
ADVANCEMENT  OF  SCIENCE.  BOTH  OF  THESE  GROUPS  ARE  VERY 
INTERESTED  IN  THE  INSTRUMENTATION  AND  INFRASTRUCTURE 
PROBLEMS  FACING  UNIVERSITY  RESEARCHERS ,  AS  WELL  AS  OTHER 
MATTERS  BEING  CONSIDERED  BY  THE  COMMITTEE. 

I  WELCOME  THE  OPPORTUNITY  TO  OFFER  AN  INDUSTRY 
PERSPECTIVE  TO  THE  MANAGEMENT  CF  OUR  RESEARCH  INFRASTRUC- 
TURE. THE  HEALTH  OF  UNIVERSITY  RESEARCH  AND  TEACHING  IS 
CRITICAL  TO  THE  U.S.  INDUSTRIAL  COMMUNITY  FOR  TWO  PRIMARY 
REASONS,  FIRST,  THE  UNIVERSITY  SYSTEM  PROVIDES  INDUSTRY 
WITH    A   CONTINUING   STREAM  OF   HIGHLY   TRAINED  TECHNICAL 
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PERSONNEL  •  SECOSD,  IT  PSRMITS  THE  EXPLORATION  OF  IDEAS 
THAT  PROMISE  POTENTIALLY  LARGE  PAYOFFS  FOR  THE  NATION,  BUT 
THAT  ARE  AS  YET  TOO  SPECULATIVE  TO  JUSTIPY  SUBSTANTIAL 
INVESTMENT  BY  A  COMPANY  SEEKING  TO  MAKE  A  PROFIT. 
AMERICA'S  ABILITY  TO  COMPETE  INTERNATIONALLY  IS  FACING 
UNPRECEDENTED  CHALLENGE  FROM  ABROAD*  MAINTAINING  THE 
HEALTH  OF  OUR  RESEARCH  EQUIPMENT  AND  FACILITIES  IS 
ESPECIALLY  CRITICAL  TO  THIS  COMPETITION*  MOST  INDUSTRIAL 
RESEARCHERS  AND  ACADEMICS  AGREE  THAT  THE  RESEARCH  INFRA- 
STRUCTURE IS  CURRENTLY  IN  A  STATE  OF  SERIOUS  DECLINE. 

THE  FEDERAL  GOVERNMENT 1 S  SUPPORT  FOR  RESEARCH 
AND  TEACHING  LABORATORY  EQUIPMENT  AND  FACILITIES  GREW 
RAPIDLY  THROUGH  THE  50 'S  AND  60' S,  RESPONDING  TO  A  PENT-UP 
DEMAND  FOR  HIGHER  EDUCATION ,  INCREASED  ENROLLMENTS/  AND  AN 
EXPLODING  BODY  OF  SCIENTIFIC  AND  TECHNOLOGICAL  KNOWLEDGE. 
THE  NATIONAL  SCIENCE  FOUNDATION  (NSF)  ,  THE  DEPARTMENT  OF 
DEFENSE  (DOD) ,  AND  NATIONAL  INSTITUTES  OF  HEALTH  (NIH) 
ASSUMED  THE  PRINCIPAL  RESPONSIBILITY  FOR  ALLOCATING 
FEDERAL  FUNDS.  THE  PRIMARY  MECHANISM  USED  WAS  A  SYSTEM  OF 
GRANTS-IN-AID  TO  COMPETITIVELY  PEER- REVIEWED  PROJECTS. 
THIS  RESEARCH  SYSTEM  WAS  SUCCESSFUL  IN  ESTABLISHING  THE 
U.S.    A&   THE   WORLD   LEADER    IN   BASIC    SCIENCE.      WE  HAVE 
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ENCOURAGED  INNOVATIVE  NEW  TECHNOLOGIES  AND  BUILT  A 
RESEARCH  BASE  THAT  REMAINS  THE  STRONGEST  AND  MOST  pro- 
ducts in  the  world* 

however f  since  1968  federal  funding  for  main- 
taining our  research  infrastructure  has  remained  essen- 
tially flat  in  real  dollars*  the  government  now  provides 
about  one-sixth  of  the  estimated  $2*0  billion  dollars 
spent.  per  year  by  universities  for  equipment  and  facili- 
ties, as  compared  to  one-third  in  1968.  to  my  knowledge , 
there  is  now  no  planned  effort  by  nsf  or  any  mission 
agency  specifically  designed  to  help  maintain  and  rebuild 
university  research  facilities*  we  have  instead  relied  on 
the  research  funding  "system"  to  see  to  the  strength  of 
our  research  infrastructure*  there  has  been  no  explicit 
definition  of  the  responsibility  of  the  federal  govern- 
ment •    as  a  consequence.  several  schools  have  lobbied 

CONGRESS  DIRECTLY  FOR  SUPPORT,  BYPASSING  THE  TRADITIONAL 
SCIENTIFIC  PEER-REVIEW  SYSTEM.  THESE  TACTICS  HAVE 
RESULTED  IN  FUNDS  FOR  FACILITIES  BEING  INSERTED  IN 
CONGRESSIONAL  APPROPRIATIONS  BILLS*  HOWEVER  DISCONCERTING 
THIS  MAY  BE  TO  THE  RESEARCH  COMMUNITY ,  IT  HAS  BEEN  DRIVEN 
BY  REAL  NEEDS  AND  THE  INADEQUACY  OF  EXISTING  MECHANISMS  TO 
MEET  THEM. 
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ONE  CQOLO  ARGUE  AT  LENGTH  OVER  THE  SIZE  OF  THE 
PROBLEM.  FOR  EXAMPLE,  THE  DEPARTMENT  OP  DEFENSE  (DOD)  HAS' 
ESTIMATED  THAT  51  #5  to  $2*0  BILLION  WOULD  BE  REQUIRED  TO 
ELEVATE  QUALIFIED  ACADEMIC  LABORATORIES  TO  "WORLD-CLASS" 
STATUS  IN  INSTRUMENTATION »  WHETHER  „THIS  IS  SOMEWHAT 
EXAGGERATED,  UNDERESTIMATED,  OR  RIGHT  ON  THE  MARK  DO  ESN*  T 
REALLY  MATTER.    THE  PROBLEM  IS  A  MAJOR  ONE* 

ANOTHER  INDICATION  OF  THE  EXTENT  OF  THE  NEED  IS 
TO  GAUGE  DEMAND  •  FOR  EXAMPLE,  CONSIDER  THE  RESP0NS3  TO 
THE  RECENT  NSF  INITIATIVE  TO  CREATE  SUPERCOMPUTING  CENTERS 
AT  UNIVERSITIES.  THE  INITIAL  $20  MILLION  PROGRAM  DREW  SI 
BILLION  IN  PROPOSALS*  A  FURTHER  INDICATION  OF  NEED  COMES 
FROM  THE  RESPONSE  TO  A  PROGRAM  INITIATED  BY  OOD.  IT  PRO- 
VIDES $30  MILLION  ANNUALLY  FOR  SUPPORT  OF  INSTRUMENTATION 
IN  ACADEMIC  SCIENCE  AND  ENGINEERING.  THIS  PROGRAM  HAS 
DRAWN  PROPOSALS  TOTALLING  NEARLY  $650  MILLION. 

AS  SEVERE  AS  THE  PROBLEM  IS,  IN  MY  VIEW  IT  COULD 
WELL  BE  MUCH  WORSE  BUT  FOR  THE  1981  TAX  ACT  WHICH  PROVIDES 
AN  INCENTIVE  FOR  CORPORATE  DONATIONS  OF  RESEARCH  AND 
DEVELOPMENT  EQUIPMENT  TO  UNIVERSITIES.  THE  FRL'ITS  OF  THIS 
PROGRAM  ARE  OBVIOUS ,  MOST  PARTICULARLY  IN  THE  ELECTRONICS 
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AND  COMPUTING  DISCIPLINES*  THE  COMING  CONSIDERATION  OF 
TAX  REFORM  PROPOSALS  SHOULD  INCLUDE  DISCUSSION  OF  THIS 
IMPORTANT  AREA. 

AS  DIFFICULT  AS  THE  SITUATION  IS  FOR  INSTRUMEN- 
TATION >  REBUILDING  CAMPUS  LABORATORY  FACILITIES  IS  PERHAPS 
EVEN  MORE  CHALLENGING  •  MANY  OF  US  IN  INDUSTRY  ARE 
SHOCKED  WHEN  WE  EXPERIENCE  THE  CURRENT  STATE  OF  MANY  UNI- 
VERSITY LABORATORIES*  THE  NEEDS  FOR  MODERNIZED  FACILI- 
TIES ARISE  FROM  CHANGES  IN  PROGRAMS  AND  TECHNOLOGIES , 
PHYSICAL,  DETERIORATION,  AND  COMPLIANCE  WITH  GOVERNMENTAL 
SAFETY  AND  ENVIRONMENTAL  REGULATIONS,  A  RECENT  NSF  SURVEY 
OF  PLANNED  CAPITAL , EXPENDITURES  AT  25  MAJOR  RESEARCH 
UNIVERSITIES— EXTRAPOLATED  TO  ALL  RESEARCH  UNIVERSITIES- 
-  EST!  MATES  THAT  $1.3  BILLION  PER  YEAR  WOULD  BE  NEEDED  TO 
MEET  FACILITY  NEEDS.  THE  ESTIMATE  OF  FUNDS  REQUIRED  IS 
NOT  SURPRISING.  MY  OWN  COMPANY  RECENTLY  COMPLETED  CON- 
STRUCTION OF  A  NEW  LABORATORY  IN  CLINTON ,  NEW  JERSEY,  TO 
PROVIDE  STATE-OF-THE-ART  FACILITIES  FOR  SEVERAL  HUNDRED 
SCIENTISTS.  THE  COST  OF  THIS  FACILITY  WAS  OVER  S200 
MILLION,  CORRESPONDING  TO  OVER  $300  ?2K  SQUARE  FOOT  OF 
LAB  SPACE.  IN  ADDITION  TO  MAKING  THE  FACILITY  STATE-OF- 
THE-ART,  SAFETY  AND  ENVIRONMENTAL  COMPLIANCE  WERE  C?  CON- 
CERN, AND  ARE  INCREASINGLY  COSTLY. 
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SOLVING  THE  INFRASTRUCTURE  PROBLEM  WILL  NOT  BE 
EASY*  SINCE  THE  INSTRUMENTATION  AND  FACILITY  HORIZON  IS 
CONSTANTLY  MOVING ,  ANY  SOLUTIONS  DEVISED  WI/-L  HAVE  TO  BE 
SUSTAINED  ONES,  HOT  ONE-SHOT  EFFORTS  •  THE  POLICIES  AND 
INSTITUTIONS  THAT  WORKED  IN  THE  PAST  WT.LU  LIKELY  NOT  BE 
APPROPRIATE  FOR  THE  FUTURE  BECAUSE  0?  RAPID  CHANGES  IN 
TECHNOLOGY ,  AND. INTENSE  COMPETITION  FOR  SCARCE  FEDERAL 
RESOURCES • 

THIS  COMMITTEE  HAS  RECEIVED  A  GREAT  DEAL  Or 
TESTIMONY  RECOMMEND  I  KG  APPROACHES  TO  PROVIDING  INCREASED 
SUPPORT  FOR  THE  MAJOR  PREREQUISITES— TRAINED  PERSONNEL, 
STATE-OF-THE-ART'  EQUIPMENT,  AND  MODERN  PACILITI ES— NECES- 
SARY FOR  SUCCESSFUL  RESEARCH  AND  DEVELOPMENT ♦  WHAT  HAS 
OFTEN  3EEN  OVERLOOKED  IN  THE  DISCUSSION  HAS  BEEN  THE  NEED 
FOR  BETTER  SYSTEMS  FOR  MANAGING,  OPERATING,  SHARING ,  AND 
STEWARD ING  RESEARCH  RESOURCES .  MANAGEMENT  ISSUES  HAVE 
LARGELY  BEEN  LEFT?  UN  ADDRESSED,  DUE  PERHAPS  TO  OUR  HIGHLY 
DECENTRALIZED  5JYSTEM  OF  UNIVERSITY  RESEARCH.  IT  IS  TIME 
THAT'  WE  ADDRESS  THEM  BECAUSE  THERE  ARE  ABUNDANT  OPPOR- 
TUNITIES TO  BOTH  INCREASE  RESEARCH  OUTPUT  AND  EFFICIENCY, 

THE  FEDERAL  GOVERNMENT  CLEARLY  HAS  TO  ASSUME 
SOME  DEGREE  OF  DIRECT  RESPONSIBILITY ,  BUT  IT  CANNOT  SOLVE 
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THE  PROBLEM  BY  ITSELF,  PARTICULARLY  IN  AN  ERA  OF  LIMITED 
RESOURCES.  THE  PROBLEM  CAN  BE  EFFECTIVELY  ADDRESSED  BY  AN 
AMALGAM  OF  THE  BEST  MANAGEMENT  TECHNIQUES  OF  UNIVERSITIES, 
INDUSTRY,  AND  GOVERNMENT. 

OUR  RESEARCH  INFRASTRUCTURE  CAN  BENEFIT  SUBSTAN- 
TIALLY FROM  THE  APPLICATION  OF  MANAGEMENT  PROCEDURES  AND 
TECHNIQUES  DEVELOPED  IN  THE  INDUSTRIAL  RESEARCH  SECTOR, 
HOWEVER,  THE  USE  OF  THESE  PROCEDURES  KILL  REQUIRE  CONSID- 
ERATION OF  ALTERNATE  MECHANISMS  FOR  ALLOCATING  FEDERAL 
RESEARCH  FUNDS  TO  UNIVERSITIES  AND  INDIVIDUAL  INVESTIGAT- 
ORS. AT  THE  SAME  TIME,  WE  SHOULD  NOT  OVER-CENTRALIZE  AND 
DESTROY  THE  AUTONOMY  AND  DIVERSITY  NEEDED  FOR  GOOD  RE- 
SEARCH , 

THE  CURRENT  PROJECT  GRAUT  SYSTEM,  WHICH  HAS  BEEN 
SUCCESSFUL  IK  DIRECTING  FEDERAL  FUNDS  INTO  HZGH-QCALITY 
ttEREARCH ,  HAS  IN  SEVERAL  WAYS  ADVERSELY  AFFECTED  THE  MAIN- 
TENANCE OF  OUR  RESEARCH  INFRASTRUCTURE,  PARTICULARLY  IN 
THE  AREA  OF  INSTRUMENTATION.  THE  INTENSE  COMPETITION  FCR 
THE  LIMITED  FUNDS  AVAILABLE  HAS  AFFECTED  THE  FUNDING  ALLO- 
CATION DECISIONS  OF  PEER  REVIEW  COMMITTEES ,  OFTEN  LEADING 
TO  SPECIFIC  DENIAL  OF  FUNDS  REQUESTED  FOR  INSTRUMENTATION. 
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IT  HAS  DISCOURAGED  INVESTIGATORS  FROM  APPLYING  FOR  SEEDED 
INSTRUMENTATION  OR  DETERRED  THEM  FROM  UNDERTAKING  RESEARCH 
REQUIRING  IT,  IT  HAS  LED  SOME  INVESTIGATORS  TO  DEFER 
ACQUISITION  Of  INSTRUMENTATION  IN  ORDER  TO  USE  LIMITED 
FUNDS  TO  PRESERVE  SCIENTIFIC  AND  SUPPORT  STAFF. 

* 

AN  ALTERNATE  APPROACH-  THAT  WOULD  LEND  ITSELF  TO 
GREATER  UTILISATION  OF  BUSINESS  PRINCIPLES  FOR  MANAGING 
OOR  RESEARCH  RESOURCES  WOULD  BE  THE  CREATION  OF  A  NEW  SUP- 
PLEMENTAL INSTITUTIONAL  EpUIPriCNT  GRANT  TO  ENCOURAGE  THE 
ESTABLISHMENT  OF  CENTRALIZED  FACILITIES-  SUCH  CENTERS 
WOULD  BE  COLLABORATIVELY  MANAGED  BY  THE  INSTITUTIONS  USING 
THEM,  AS  ENVISIONED  HERE,  THEY  WOULD  FACILITATE  THE 
ACQUISITION,  MAINTENANCE,  AND  SHARING  Or  INSTRUMENTATION, 
FLEXIBLE  GUIDELINES  COULD  ENABLE  THE  AGGREGATION  OF  FUNDS 
FOR  THE  PURCHASE  OF  EXPENSIVE  INSTRUMENTS .  SECOND,  A 
REASONABLE  LEVEL  AND  CONTINUITY  OF  FUNDING  COULD  ALLOW  A 
LONG-TERM  COMMITMENT  TO  PROVIDE  ADEQUATE  MAINTENANCE  SU»* 
PORT  AND  OPERATING  PERSONNEL •  AND  THIRD,  THE  SCALE  OF 
PROGRAMS  WOULD  MAKE  IT  POSSIBLE  TO  PROVIDE  SHARED  INSTRU- 
MENTATION   AND  MANAGEMENT  IN  A  COST-EFFECTIVE  MANNER. 
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THE  PRINCIPAL  MOTIVATION  BEHIND  ESTABLISHING  AND 
FUNDING  CENTRALIZED  RESEARCH  FACILITIES  IS  AN  ATTEMPT  TO 
SOLVE  THE  DILEMMA  CREATED  BY  THE  COMBINED  INCREASES  IN  THE 
NEED  rOR  AND  COSTS  OF  MODERN  RESEARCH  FACILITIES,  AT  SOME 
COST  THRESHOLD ,  IT  IS  CLEAR  THAT  CENTRALISED  RESEARCH 
FACILITIES  ARE  NECESSARY  *  BECAUSE  THE  INFRASTRUCTURE  RE- 
QUIRED TO  SUPPORT*  RESEARCH  IS  SIMPLY  TOO  EXPENSIVE  TO 
CONTINUE  TO  EXIST  UNDER  THE  PURVIEW  OF  THE  INDIVIDUAL 
RESEARCHER,  A  SINGLE  DEPARTMENT,  A  SINGLE  UNIVERSITY  OR 
COMPANY • 

THE  CONCEPT  OF  SHARED  RESEARCH  FACILITIES  IS 
ALREADY  ESTABLISHED  IN  THE  FIELD  OF  PHYSICS  WHERE  INSTRU- 
MENTATION OF  VERY  HIGH  COST  IS  REQUIRED ,  SUCH  AS  SYNCHRO- 
TRON LIGHT  SOURCES*  WHEN  INSTRUMENTATION  AND  rACILITlES 
OF  SUCH  HIGH  CAPITAL  AND  OPERATING  COST  ARE  INVOLVED, 
THERE  IS  NO  ALTERNATIVE  TO  SHARED  FACILITIES.  THERE  ARE 
SEVERAL  SUCCESSFUL  UNIVERSITY ,  INDUSTRY,  AND  GOVERNMENT 
CO-OPERATIVE  ARRANGEMENTS  IN  OPERATION  TODAY.  UNDER  THE 
DIRECTION  OF  STANFORD  UNIVERSITY ,  AN  ACCELERATOR  WAS 
CONSTRUCTED  WITH  FEDERAL  FUNDS  (DOE).  USAGE  OF  THIS 
INSTRUMENT ,  WHILE  MANAGED  BY  STANFORD,  IS  ALLOCATED  ON  A 
PROPOSAL  BASIS  TO  INDUSTRY,  GOVERNMENT  AND  OTHER  JNIVSR- 
SITIES.     INDUSTRY  HAS  CONTRIBUTED  SIGNIFICANT  RESOURCES  TO 
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IMPROVE  THE  CAPABILITIES  OP  THE  FACILITY  •  FOR  EXAMPLE,  IN 
PARTNERSHIP  WITH  LAWRENCE  BERKELEY  LABORATORY  AND 
STANFORD,  WE  IN  EXXON  HAVE  EXPANDED  THE  FACILITY  TO  IN- 
CLUDE. THE  WORLD'S  MOST  POWERFUL  X-RAY  SOURCE  (FOR 
MATERIALS  SCIENCE) •  A  SIMILAR  COLLABORATION  EXISTS  AT 
BROOK  HAVEN  LABORATORY  ON  LONG  ISLAND,  WHERE  THE  NATIONAL 
SYNCHROTRON  LIGHT  SOURCE  IS-  MANAGED  BY  AN  ADVISORY  COM- 
MITTEE OF  R£2kESENTATlVES  FROM  SEVERAL  UNIVERSITIES •  THE 
PARTICIPATING  RESEARCH  TEAM  CONCEPT  ENABLES  INDUSTRY,  AS 
WELL  AS  UNIVERSITY  AND  GOVERNMENT  LABS ,  TO  CONTRIBUTE 
FUNDS  AND  SXrSKTISF  FOR  ENHANCING  AND  UPGRADING  THE 
INSTRUMENTATION  IN  RETURN  L'OR  PRIORITY  USE*  OTHER 
'  CENTRALIZED  FACILITIES  USED  BY  MY  COMPANY  ARE  THE  INTENSE 
PULSED  NEUTRON  SOURCE  AT  THS  ARGONNE  NATIONAL  LABORATORY 
IN  CHICAGO,  THE  NATIONAL  CEKTER  FOR  SMALL  ANGLE  SCATTERING 
RESEARCH  AT  OAK  RIDGE,  TSNN.  AND  THE  NEUTRON  SCATTERING 
RESEARCH  FACILITY  AT  THE  UNIVERSITY  OF  MISSOURI.  PURCHASE 
OF  SUCH  SOPHISTICATED  INSTRUMENTATION  BY  INDUSTRIAL  LAB- 
ORATORIES CANNOT  BE  COST  JUSTIFIED •  OUR  EXPERIENCE  HAS 
SHOWN  THAT  PARTICIPATION  IN  COOPERATIVE  AGREEMENTS  IS  MORE 
COST  EFFICIENT  AND  WE  ALSO  BENEFIT  ?SCM  CONTACT  WITH  THE 
COMMUNITY  OF  RESEARCHERS  IN  THESE  CENTERS. 
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COLLABORATION  BETWEEN  UNIVERSITIES  AND  INDUSTRY 
IN  CENTERS  OR  THROUGH  OTHES  VEHICLES  PROVIDES  AN  OPPOR- 
TUNITY TO  TAKE  ADVANTAGE  OF  THE  DIFFERENT  CHARACTERISTICS 
OF  EACH*  UNIVERSITIES  OFTEN  HAVE  DIFFICULTY  UPGRADING 
FACILITIES  AND  INSTRUMENTATION  FOR  THE  REASONS  ALREADY 
OUTLINED.  AT*  THE  SAME  TIMS,  LABOR  COSTS  ARE  LOW  DUE  TO 
THE  INVOLVEMENT  OF  GRADUATE  STUDENTS  IN  THE  RESEARCH  PRO- 
GRAMS* IN  INDUSTRY,*  THE  CONVERSE  IS  TRUE*  INVESTMENT  IN 
EQUIPMENT  PRESENTS  NO  UNUSUAL  HURDLES— IF  IT  IS  JUSTIFIED, 
IT  IS  PURCHASED*  AT  THE  SAME  TIME,  LABOR  COSTS  ARE  HIGH 
DOE  TO  EXTENSIVE  OVERHEADS  ASSOCIATED  WITH  RECRUITING, 
TRAINING,  AND  OTHER  TYPICALLY  "CORPORATE"  COSTS*  THIS 
SUGGESTS  COLLABORATIONS  WHERE  —  AT  THE  MARGIN  —  EQUIP- 
MENT IS  DISPROPORTIONATELY  SUPPLIED  BY  INDUSTRY  AND  STAFF- 
ING FROM  UNIVERSITIES. 

STATE  GOVERNMENTS  HAVE  ALSO  BEGUN  TO  RECOGNISE 
THE  IMPORTANCE  OF  A  HEALTHY  RESEARCH  INFRASTRUCTURE  TO 
THEIR  ECONOMIC  WELL-BEING*  IN  MY  STATS,  NEW  JERSEY-  THE 
GOVERNOR  ESTABLISHED  A  SPECIAL  COMMISSION  TO  EXAMINE  WAYS 
OF  UPGRADING  THE  STATE'S  RESEARCH  INFRASTRUCTURE.  THE 
COMMISSION  RECOMMENDED  THE  PASSAGE  OF  A  30KD  ISSUE  TC 
CREATE  FOUR  ADVANCED  TECHNOLOGY  RESEARCH  CENTERS  AT  KEY 
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NEW  JERSEY  UNIVERSITIES*.  THE  ELECTORATE  APPROVED  THE  BOND 
ISSUE  IN  THE  NOVEMBER  1984  GENERAL  ELECTION •  IN  ADDITION 
TO  CONDUCTING  RESEARCH  ON  NEW  TECHNIQUES*  THESE  CENTERS 
WILL  SHARE  INFORMATION  WITH  OTHER  ACADEMIC  INSTITUTIONS, 
GOVERNMENT,  INDUSTRY,  AND  THE  PUBLIC.  THE  KEY  POINT  HERE, 
AS  REGARDS  INFRASTRUCTURE*  IS  THAT  THESE  RESEARCH  CENTERS 
ARE  BEING  ESTABLISHED  IN  AREAS  WHERE  THERE  IS  CLEAR  - 
ECONOMIC  AND  INDUSTRIAL  NEED  AND  WHERE  SOME  RESIDENT  CAPA- 
BILITY ALREADY  EXISTS  IN  THE  STATE.  FURTHERMORE,  IT  IS 
REQUIRED  THAT  THE  ACADEMIC  INSTITUTION  HOUSING  THE  CENTERS 
SHARE  EQUIPMENT  AND  FACILITIES.  ALL  PARTICIPANTS  WERE 
MADE  AWARE  THAT  RESOURCES  WESB  NOT  SUFFICIENT  TO  ALLOW  FOR 
DUPLICATION.  INDUSTRY  IS  BEING  WELCOMED  INTO  THESE 
ACTIVITIES. 

EVEN  WITHIN  THE  EXISTING  FRAMEWORK  OF  OUR 
NATIONAL  LABORATORIES,  THERE  ARE  OPPORTUNITIES  POP.  THE 
APPLICATION  OF  SOME  BASIC  MANAGEMENT  PRACTICSS.  SEVERAL 
OF  THESE  PRACTICES  WERE  RECOMMENDED  TO  THE  PRESIDENT  AS  A 
RESULT  OF  A  YEAR-LONG  REVIEW  OF  THE  NATION'S  FEDERAL 
LABORATORIES  CONDUCTED  8Y  THE  WHITE  HOUSE  SCIENCE  COUNCIL. 
I    ENDORSE  THE   SUGGESTIONS  OFFERED   BY  THE  STUDY  PANEL 
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CHAIRED  BY  OAVID  PACKARD,  AIMED  A?  ELIMINATING  DEFICIEN- 
CIES THAT  LIMIT  BOTH  THE  QUALITY  AND  COST  EFFECTIVENESS  OF 
THE  RESEARCH  PERFORMED  AT  OUR  FEDERAL  LABORATORIES*  TO 
IMPROVE  MANAGEMENT,  THE  PANEL  RECOMMENDED  THE  ESTABLISH- 
MENT OF/  AN  EXTERNAL  OVERSIGHT  COMMITTEE,  INCLUDING  UNI- 
VERSITY AND  INDUSTRY  REPRESENTATIVES,  TO  EVALUATE  PERFORM- 
ANCE AND  RESULTS.  SECOND,  THE  PANEL  RECOMMENDED  THAT  LAB 
DIRECTORS  BE  'HELD  ACCOUNTABLE  FOR  THE  QUALITY  AND  PRODUC- 
TIVITY OF  THEIR  LABORATORIES.  THE  THIRD  RECOMMENDATION 
FOR  IM?R<*'  -tC  MANAGEMENT  DEALT  WITH  REDUCING  THE  DEGREE  OF 
DETAIL^  DIRECTION  EXERCISED  BY  PARENT  AGENCIES. 

THERE'  IS  AN  URGENT  NEED  TO  IMPROVE  MANAGEMENT 
CAPABILITIES  FOR  DEVELOPING  AND  MAINTAINING  OUR  RESEARCH 
INFRASTRUCTURE.  WITH  THE  ESTABLISHMENT  OF  NEW  SHARED 
RESEARCH  CENTERS  AND  THE  FUNDING  MECHANISMS  TO  SUPPORT 
THEM,  THERE  ARE  SEVERAL  ADDITIONAL  APPROACHES  THAT  COULD 
BE  CONSIDERED  FOR  MANAGING  FEDERAL  AND  UNIVERSITY  INSTRU- 
MENTS AND  FACILITIES.  AT  THE  RISK  CP  SOUNDING  LIXE  A 
MANAGEMENT  TEXTBOOK,  THE  PRINCIPLES  HAVE  BEEN  AROUND  FOR  A 
LONG  TIME:  JUSTIFICATION,  OBJECTIVE  SETTING,  AND  STEWARD- 
SHIP. INCIDENTALLY,  TH?SE  PRINCIPLES  ARE  APPLICABLE  TO 
INDIVTDUAL  UNIVERSITY  ADMINISTRATIONS  AS  WELL  AS  70  SHARED 
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INSTRUMENTATION  FACILITIES.  THE  ISSUE  IS' HOW  TO  GREATS  AN 
INCENTIVE  FOR  UNIVERSITIES  TO  APPLZ  THESfi  MANAGERIAL 
TOOLS* 

IN  ANY  CASE*  THE  ESTABLISHMENT  OF  A  FORMAL 
JUSTIFICATION  PROCEDURE  GOING  BEYOND  INITIAL  PROCUREMENT 
WOULD  HELP  ENSURE  COST  EFFICIENCY  AND  IMPROVE  RETURN  ON 
INVESTMENT  NOT  ONLY  FOR  THE  PROCUREMENT  OF  EQUIPMENT,  BUT 
ALSO  ITS  MAINTENANCE,  UPGRADING,  AND  EVENTUAL  REPLACEMENT 
BASED  ON  EXPECTED  OBSOLESCENCE  RATES.  PROPOSALS  TO 
ACQUIRE  EQUIPMENT 'SHOULD  BE  REQUIRED  TO  ADDRESS  QUESTIONS 
OF  CONTINUING  MAINTENANCE,  TRAINING  AND  SAFETY  FOR  OPERAT- 
ING PERSONNEL,  PLANNED  OSS,  AVAILABILITY  OF  EXISTING 
INSTRUMENTS,  AND  INCLUDE  AN  ANALYSIS  OF  ALTERNATIVES. 

SETTING  OBJECTIVES  FOR  WHAT  *^E  EXPECT  TO  ACHIEVE 
WOULD  PROVIDE  BENCHMARKS  FOR  MEASURING  AMD  CONTROLLING 
PROGRESS •  JJ8T  WHAT  DO  WE  NEED  TO  MEASURE?  WITH  WHAT 
ACCURACY?  HOW  RAPIDLY?  IN  INDUSTRY,  OBJECTIVES  ARE 
CRUCIAL  TO  GOOD  LONG  RANGE  PLANNING,  AHD  THE  EFFICIENT 
REBUILDING  OF  OUR  RESEARCH  INFRASTRUCTURE  REQUIRES  JUST 
SUCH  A  LONG" RANGE  VIEW. 
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THE  ESTABLISHMENT  OP  A  STEWARDSHIP  MECHANISM  CAN 
HELP  ENSURE  MAXIMUM  SCIENTIFIC  RESULTS  FOR  THE  RESOURCES 
EXPENDED •  IN  THE  ABSENCE  OF  A  DIRECT  ECONOMIC  AND  COM- 
PETITIVE FOCUS,  THERE  IS  NEED  FOR  A  MECHANISM  TO  ENSURE 
ACCOCNTABI L ITT .  IN  INDUSTRY  *  WE  HOLD  RESEARCHERS  ACCOUNT- 
ABLE FOR  THEIR  INVESTMENT  DECISIONS,  AS  WELL  AS  THE  QUALI- 
TY AND  PRODUCTIVITY  OF  THEIR  WORK  .  WHILE  WE  DARE  NOT 
BREED  EXCESSIVE  CONSERVATISM  IN  A  RESEARCH  ORGANIZATION, 
AN  INTELLIGENTLY  APPLIED  CONTINUING  APPRAISAL  PROCESS  IS 
NEEDED  TO  ALLOCATE  FUNDS  TO  THE  MOST  PRODUCTIVE  LABORA- 
TORIES AND  WORKERS* 

LET  ME  MAKE  TWO  ADDITIONAL  POINTS.  FEDERAL  AND 
STATE  GOVERNMENTS  DO  NOT  NEED  TO  BEAR  THE  FULL  BURDEN  OF 
MODERNIZING  INSTRUMENTS  AMD  FACILITIES  AT  THE  UNIVERSI- 
TIES ♦  ALTERNATIVE  METHODS  OF  FUNDING  SHOULD  BE  EXPLORED. 
ONE  SUCH  ALTERNATIVE,  DEBT  FINANCING,  HAS  BEEN  USED  SUC- 
CESSFULLY FOR  MORE  THAN  10  YEARS  AT  COLORADO  STATS  UNI- 
VERSITY. 

SECOND,  THE  USE  OF  ELECTRONIC  NETWORKS  TC  GATHER 
AND  COMMUNICATE  INFORMATION  AMONG  RESEARCHERS  IN  A  FIELD 
COULD  HAVE  A  SUBSTANTIAL  IMPACT  ON  THE  EFFICIENT  USE  OF 


211 


205 


INSTRUMENTATION  AND  DEVELOPMENT  OF  TECHNOLOGY.  AS  ONE 
EXAMPLE,  A  NATIONAL  ELECTRONIC  INVENTORY  OF  AVAILABLE 
INSTRUMENTS  {POSSIBLY  INCLUDING  SOME  INDUSTRIAL  EQUIPMENT) 
MIGHT  GO  A  LONG  WAY  TO  REDUCE  DUPLICATION  AND  MAXIMIZE 
USAGE.  FURTHER,  SUCH  A  SYSTEM  COULD  HELP  FACILITATE  AN 
ASSESSMENT  OP  THE  MAGNITUDE  OF  EQUIPM2NT  AND  FACILITIES 
NEEDS. 

THESE  ARE  SUGGESTIONS  MEANT  TO  STIMULATE  DIS- 
CUSSION ON  SOLUTIONS  TO  TlTE  INFRASTRUCTURE  PROBLEM.  I 
HOPE  I  HAVE  IDENTIFIED  SOME  PRACTICES  ROUTINELY  USED  BY 
INDUSTRY  THAT  CAN  BE  ADAPTED  FOR  REBUILDING  OUR  RESEARCH 
INFRASTRUCTURE.  RESEARCH  IS  BECOMING  SO  CAPITAL-INTENSIVE 
*  THAT  THE  USB  OF  PROVEN  BUSINESS  PROCEDURES  AND  TECHNIQUES 
MUST  BE  USED  TO  ENSURE  THAT  OUR  INVESTMENTS  YIELD  MAXIMUM 
SCIENTIFIC  AND  TECHNOLOGICAL  RETURN.  AT  THE  SAME  TIME,  WE 
MUST  RECOGNIZE  THAT  INDUSTRIAL  AND  UNIVERSITY  RESEARCH  ARE 
NOT  AND  SHOULD  NOT  BE  THE  SAME.  I  D0  KNOW  THAT  IK 
ENCOURAGING  OUR  RESEARCHERS  AND  MANAGERS  TO  WORK  WITH 
UNIVERSITIES  ON  THIS  ISSUE,  INDUSTRY  HAS  DEMONSTRATED  A 
WILLINGNESS  TO  HELP  —  AND  THAT  THIS  HELP  IS  HEEDED. 
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Mr.  Puqua.  Thank  you  very  much,  Dr.  Sprow. 

We  are  now  very  pleased  to  welcome  back  Dr.  Donald  Langen- 
berg.  He  has  been  here  many  times  before.  He  is  currently  the 
chancellor  of  the  University  of  - Illinois  at  Chicago. 

STATEMENT  OF  DR.  DONALD  N.  LANGENBERG,  CHANCELLOR, 
UNIVERSITY  OF  ILLINOIS  AT  CHICAGO,  CHICAGO,  IL 

Dr.  Langenberg.  Thank  you,  Mr.  Chairman. 

Let  me  say  tKat  it  is  a  pleasure  to  be  here  before  you  again. 

I  am  here  today  on  behalf  of  five  higher  education  associations: 
The  Association  of  American  Universities;  the  National  Association 
of  State  Universities  and  Land-Grant  Colleges,  the  American  Coun- 
cil on  Education,  the  Association  of  Graduate  Schools,  and  the 
Council  of  Graduate  Schools  in  the  United  States.  As  this  commit- 
tee is  well  aware,  universities  comprising  the  membership  of  these 
associations  perform  most  of  the  academic  research  supported  by 
the  National  Science  Foundation  and  by  the  mission  agencies  of 
the  Federal  Government. 

Mr.  Chairman,  I  would  like  to  begin  by  congratulating  you  on 
behalf  of  those  associations,  you  and  your  panel,  for  undertaking 
this  timely  and  thorough  *evie^  of  our  science  policy  and  for  in- 
cluding in  your  work  an  examination  of  the  longer  term  capital 
needs  of  research  universities.  We  welcome  this  opportunity  to  dis- 
cuss with  you  the  universities'  research  facilities,  capital  deficit, 
and  to  offer  our  suggestions  on  how  we  ought  to  meet  our  future 
requirements 

In  the  interest  of  time,  I  am  going  to  summarize  my  remarks,  so 
that  we  might  have  some  more  time  for  questions. 

When  the  National  Science  Foundation  was  established  in  1950, 
a  concern  for  the  research  capital  base  became  an  early  mission  of 
the  Foundation.  Beginning  In  1959,  the  Foundation  joined  with  the 
National  Institutes  of  Health,  the  U.S.  Office  of  Education,  NASA, 
the  Department,  of  Defense,  and* other  agencies  in  establishing  re- 
search facilities  programs  designed  to  expand  and  strengthen  the 
Nation's  research  capacity.  NSF  and  NIH  led  the  way,  but  the  mis- 
sion agencies,  especially  DOD  and  NASA,  also  played  essential 
roles. 

On  the  NSF  side,  there  was  established  the  Graduate  Science  Fa- 
cilities Program.  Between  fiscal  1960  and  fiscal  1970,  the  Founda- 
tion provided  just  under  1,000  grants  totaling  $188  million  to  assist 
in  the  construction  of  laboratories  and  the  acquisition  of  equip- 
ment. As  we  face  our  present  budget  constraints,  it  is  important  to 
remember  that  the  Foundation  did  not  pay  the  entire  cost  of  the 
facilities  it  helped  to  fund.  Matching  funds  were  required.  In  fact, 
the  Foundation's  contributions  had  a  very  impressive  leveraging 
effect.  The  total  value  of  the  facilities  and  equipment  acquired  with 
NSF  assistance  was  about  $500  million,  and  that  is  better  than  a 
2-to-l  leverage.. 

According  to  NSF,  over  the  period  1957  to  1970,  Federal  grant 
funds  for  graduate  science  facilities  totaled  about  three-quarters  of 
a  billion  dollars.  National  investments  from  all  these  sources  were 
surely  several  times  that.  Then  in,  1970  all  Federal  funding  for  this 
purpose  ceased.  Federa1  leadership  receded.  The  linkage  between 
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federally-funded  research  programs  and  the  Federal  contribution  to 
the  capital  facilities  necessary  to  sustain  them  was  broken.  We  re- 
versed our  commitment  to  sumulating  capital  investments  in  uni- 
versity research  facilities,  and  our  present  problems  began  to  grow. 

The  topic  of  your  hearing  is  inirastructure.  Yesterday,  Dr.  Dale 
Corson,,  m  his  testimony  before  this  committee,  defined  the  term 
infrastructure  to  include  the  people,  the  facilities,  the  equipment, 
the  research  libraries,  and  the  institutional  arrangements  required 
to  do  effective  research.  Dr.  Corson  is,  as  usrsl,  correct.  The  term 
infrastructure"  includes-much  more  than  the  research  facilities 
which,  however,  are  the  focus  of  my  remarks  today. 

Even  the  term  "research  facilities"  requires  some  definition.  The 
Committee  on  Science,  Engineering,  and  Public  Policy  of  the  Na- 
tional Academy  of  Sciences  has  just  published  the  fourth  edition  of 
the  report  required  by  the  National  Science  and  Technology  Policy 
Organization  Priorities  Act  of  1976.  It  is  titled  2  he  Out^ok  for 
Science  and  Technology,  1985. 


search  facilities:  national  facilities  like  the  Fermi  National  Acceler- 
ator Laboratory  in  Illinois;  university-based  research  facilities  a 
new  or  renovated  chemistry  or  engineering  building  would  be  an 
example;  regional  research  facilities— for  example,  the  Triangle 
Universities  Nuclear  Laboratory  in  North  Carolina;  and  technology 
centers—as  an  example  there,  the  Basic  Industry  Research  Insti- 
tute at  Northwestern  University, 

All  of  these  facilities  are  typically  located  at  or  in  some  associa- 
tion with  a  university  or  group  of  universities.  There  are  important 
resource  and  policy  questions  surrounding  each  one  of  those  class- 
es. I  would  like  to  limit  my  remarks,  however,  to  just  one  of  then  t: 
the  need  to  modernize^university  campus-based  research  facilities 
that  are  home  to  the  Nation's  competitive  scientific  and  engineer- 
ing research  programs. 

Now  a  few  words  about  the  dimensions  of  the  problem:  the  prob- 
lem, in  its  essentials,  is  quickly  stated.  Many  of  the  Nation's  lead- 
ing universities  are  hampered  oy  substantial  and  growing  invento- 
ries of  obsolete  laboratories.  Present  estimates  of  the  capital  deficit 
are  inadequate  and  they  vary  rather  widely.  We  are  pleased,  there- 
fore, incidentally,  that  this  committee  addressed  the  need  for  better 
information  and  analysis  of  the  problem  by  including  in  the  FY 
1985  NSF  Authorization  Act  new  authority  for  NSF  to  develop  a 
permanent  analytical  capability  in  this  area.  We  hope  the  Founda- 
tion will  proceed  rapidly  to  develop  this  essential  data  base, 

Now  although  we  don't  know  the  dimensions  of  the  problem  with 
any  precision,  there  are  estimates  that  can  give  us  a  general  idea 
of  its  magnitude.  There  are  some  present  estimates  that  say  that 
one-half  of  the  physical  plant  of  all  universities  and  colleges  is 
more  than  25  years  old,  and  that  one-quarter  of.it  was  built  prior 
to  World  War  II.  In  1981,  the  AAU  reported  that  universities  were 
able  to  meet  only  about  half  of  their  accumulating  needs  to  re- 
place; modernize,  and  renovate  their  research  laboratories. 

Our  experience  at  the  University  of  Illinois  confirms  these  earli- 
er findings.  We  have  just  completed  an  audit  of  the  condition  of  all 
university  buildings  excluding  student  auxiliary  buildings— hous- 
ing, unions— and  also  excluding  our  powerplants.  We  are  talking 
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about  academic  and  administrative  space.  The  audited  buildings 
university-wide  number  more  than  280  and  they  house  nearly  10 
million  net  assignable  square  feet,  and  they  have  an  estimated  re* 
placement  value  exceeding  $2  billion.  Fifty-six  percent  of  the  build- 
ings on  the  Urbana  campus  and  44  percent  of  the  total  on  both 
campuses  are  over  50  years  old.  The  total  cost  to  renovate  the 
better  buildings  and  replace  the  ^worst  is  estimated  at  just  under 
$600  million;  that  is -to  say,  nearly  30  percent  of  the  total  replace- 
ment costs.  A  considerable  portion-  of  these  facilities  is  research  fa- 
cilities. In  summary,,  the  University  of  Illinois  has  an  immediate 
research  facilities  deficit  conservatively  estimated  to  be  several 
hundred  million  dollars.  Furthermore,  these  estimates  do  not  in- 
clude the  projected  requirements  of  new  research  programs.  This 
building  condition  audit  was  carried  out  in  terms  of  continuing  use 
of  these  buildings  for  their  present  purposes.  It  does  not  include 
the  estimated  cost  of  their  adaptation  to  those  special  needs  of  new 
kinds  of  research  programs. 

The  Department  of  Defense  has  recently  published  a  report  that 
I  believe  confirms  that  these  audit  results  are  not  peculiar  to  the 
University  of  Illinois.  On  April  29,  the  DOD,  in  response  to  an  1984 
request  by  the  House  Committee  on  Armed  Services,  published  a 
report  entitled,  Selected  University  Laboratory  Needs  in  Support  of 
National  Security.  I  understand  that  copies  of  that  report  have  been 
provided  to  the  committee.  Significantly,  this  report  does  not  present 
information  gathered  from  the  university.  Instead,  it  gives  the  DOD 
perspective,  m  particular,  a  research  program  officer  in  the  DOD 
research  support  arm.  We  understand  that  only  a  small  fraction  of 
the  top  10.0  research  universities  were  included  in  each  review,  and, 
unlike  our  audit  at  the  University  of  Illinois,  which  was  university- 
wide  across  all  fields,  the  DOD  estimates  are  confined  to  the  needs  of 
relatively  few  institutions  in  just  five  disciplines  which  were  judged 
essential  to  the  Department's  mission:  chemistry,  electronics,  engi- 
neering, materials,  and  physics. 

The  services  estimate  that  these  key  universities  have  priority 
needs  for  equipment  and  facilities  in  just  these  five  fields  of  almost 
$700  million.  The  report  recommends  that  the  Department  of  De- 
fense establish  a  5-year,  $300  million  laboratory  modernization  pro- 
gram and  that  other  Federal  agencies  join  DOD  in  a  Government- 
wide  effort. 

We  are*  pleased  to  see  that  the  House  Committee  on  Armed  Serv- 
ices already  is  responding  to  the  DOD's  concerns.  Last  week  the 
committee  increased  from  $25  to  $200  million  the  funding  request- 
ed by  the  President  for  a  new  program  named  the  "University  Re- 
search Initiative." 

We  hope  that  the  members  of  the  Committee  on  Science  and 
Technology  will  join  with  the  House  Committee  on  Armed  Services 
in  securing  an  appropriation  for  this  potentially  important  initia- 
tive at  the  full  authorized  level. 

A  satisfactory  solution  to  this  problem  lies  beyond  the  capacity  of 
almost  all  institutions.  There  is  required,  we  believe,  a  broader 
effort  that  must  come  from  a  well-conceived  and  *  fell-coordinated 
national  program,  led  by  the  Federal  Government  and  again  work- 
ing through  its  six  major  research  agencies:  DOD,  DOE,  NASA, 
NEH,  NSE\  and  USDA. 
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We  believe  there  are  several  basic  principles  that  ought  to  guide 
the  development  of  a  Government-wide  reinvestment  initiative.  Let 
me  underline  the  word,  "reinvestment/*  The  bit  of  historical  back- 
ground that  I  gave  suggested  that  there  was  a  period  when  the 
Federal  Government  was  investing  heavily  in  the  capital  infra- 
structure for  research  in  the  Nation's  universities.  Any  renewed 
program  could  be  characterized  as  a  reinvestment. 

Among  those  are  the  following  principles:  university  research 
and  training  programs  supported  by  Federal  agencies  are  essential 
to  our  security,  our  health,  our  economy,  and  our  general  well 
being. 

Research  and  education  programs  of  many  universities  and  col- 
leges are  hampered  by  inadequate  research  facilities  and  equip- 
ment, and  these  institutions  lack  the  ability  to  replace  or  modern- 
ize their  facilities  without  the  assistance  of  the  Federal  research 
agencies. 

The  capital  deficit  of  universities  is  threatening  the  Nation's 
competitive  position  in  science,  engineering,  and  technology;  thus, 
placing  at  risk  our  future  national  security,  our  health,  and  our 
standing  in  the  international  marketplace. 

A  national  program  to  secure  the  necessary  reinvestment  in  the 
capital  base  at  universities  is  needed.  Federal  agencies,  States,  in- 
dustry, and  others  all  must  participate  because  the  Nation's  needs 
exceed  the  capacity  of  any  one  sector  to  address  them  alone. 

The  Federal  research  agencies  must  rebuild  the  linkages  between 
their  research  programs  and  the  capital  base  by  making  capital  in- 
vestments in  those  academic  fields  and  institutions  that  are  essen- 
tial to  each  agency's  mission. 

Facilities  modernization  programs  ought  to  be  established  and 
developed  an  integral  parts  of  each  agency  s  research  program. 

Proceeding  from  these  guiding  principles,  we  suggest  that  a  suc- 
cessful facilities  reinvestment  program  will  have  at  least  the  fol- 
lowing characteristics: 

It  will  provide  for  a  sustained  commitment  for  a  period  of  at 
least  8  to  10  years. 

Each  Federal  dollar  invested  will  be  matched,  thereby  at  least 
doubling  the  leverage  of  each  tax  dollar. 

Awards  will  be  made  competitively  among  qualified  institutions 
with  primary  but  not  necessarily  sole  emphasis  given  to  the  scien- 
tific and  technical  quality  of  the  research  and  training  to  be  pro- 
vided. State  and  local  considerations  will  also  be  taken  into  ac- 
count. 

Finally,  smaller,  developing  research  universities  and  research- 
oriented  colleges  will  be  guaranteed  an  opportunity  to  compete  for 
funds  among  comparable  institutions,  so  as  to  provide  them  a  rea- 
sonable chance  of  success. 

Mr.  Chairman,  we  believe  that  we  can  no  longer  defer  our  recom- 
mitment to  the  research  enterprise  and  that  we  can  no  longer 
afford  to  turn  our  backs  on  the  eroding  foundations  of  our  universi- 
ties. Difficult  choices  lie  ahead,  only  oecause  these  are  unusually 
difficult  times. 

Some  of  our  choices  no  doubt  will  require  us  to  defer  certain  pri- 
orities in  order  to  get  on  with  the  necessary  rebuilding  effort. 

er|c  2\G 
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Saying  no  is  never  easy,  but  it  is  absolutely  essential  that  we  begin 
that  priority-setting  process. 

I  thank  you  for  the  opportunity  to  share  these  thoughts  with 
you.  I  would  be  pleased  to  respond  to  your  questions. 

[The  prepared  statement  of  Dr.  Langenberg  follows:] 
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Introduction 

Mr.  Chairman  and  members  of  the  Science  Policy  Task  Force,  my 
name  is  Donald  Langenberg  and  I  am  Chancellor  ot  the  University 
of  Illinois  at  Chicago.    Before  assuming  my  present  responsibili- 
ties, I  had  the  honor  of  serving  for  two  and  a  half  years  as 
Deputy  Director  of  the  National  Science  Foundation.    I  am  pleased 
to  appear  before  you  today  on  behalf  of  five  higher  education 
associations*    the  Association  of  American  Universities,  the 
National  Association  of  State  Universities  and  Land-Grant  Col- 
leges, the  American  Council  on  Education,  the  Association  of 
Graduate  Schools  and  the  Council  of  Graduate  Schools  in  the 
United  Statec.    As  this  committee  is  well  aware,  the  universities 
comprising  the  membership  of  these  associations  perform  most  of 
the  ccademic  research  supported  by  the  National  Science  Founda- 
tion and  by  the  mission  agencies  of  the  federal  government. 

Mr  ...Chairman,  we  congratulate  you  and  the  Panel  tor  undertaking 
this  timely  and  thorough  review  of  our  science  policy,  and  for 
including  in  your  work  ap  examination  of  the  longer  term  capital 
needs  of  research  universities.    We  welcome  this  opportunity  to 
discuss  with  you  the  universities*  research  facilities  capital 
deficit,  and  to  offer  our  suggestions  on  how  we  ought  to  mett  our 
future  requirements. 
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Background 

About  forty  years  ago,  inspired  by  Dr.  Vannevar  Bush  and  using 
the  lessons  learned  during  World  War  II,  we  charted  a  new  course 
for  our  research  universities  in  the  nation* s  life.    We  saw  these 
institutions  in  *  hew  perspective,  and  we  chose  to  nurture  their 
unique  research  and  training  capabilities.    We  committed  the 
resources  necessary  to  enhance  our  research  base  and  to  have 
universities  play  central  and  indispensable  roles  in  the  nation's 
long-term  research  and  training  effort.    With  the  benefit  of 
hindsight,  most  now  recognize  the  wisdom  of  those  decisions.  But 
it  is  good  to  remember  that  they  were  f arsighted  and  courageous 
decisions  in  their  time. 

The  National  Science  Foundation  was  created  through  a  lengthy  and 
contentious  process.    Many  leaders  of  science  and  government 
differed  over  the  appropriate  role  of  the  federal  government  in 
academic  science.    Some  were  concerned  that  a  National  Science 
Foundation  might  interfere  with,  rather  than  nurture,  the  free 
conduct  of  science.    But,  after  several  years  of  effort,  the 
necessary  accommodations  were  achieved,  and,  to  the  nations 
benefit,  the  NSF  was  established  in  1950. 

A  concern  for  the  research  capital  base  became  an  early  mission 
of  the  Foundation.    Beginning  in  1959  the  Foundation  joined  with 
the  National  Institutes  of  Health,  the  United  States  Office  of 
Education,  NASA,  the  Department  of  Detense  and  other  agencies  in 
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establishing  research  facilities  programs  designed  to  expand  and 
strengthen  the  nation's  research  capacity*    NSF  and  NIH  led  the 
way,  but  the  mission  agencies,  especially  DOD  and  NASA,  also 
played  essential  roles* 


NSF  established  the  Graduate  Science  Facilities  Program*  Between 
Fiscal  Year  1960  and  Fiscal  Year  1970  the  Foundation  provided  977 
grants  totaling  $188  million  to  assist  in  the  construction  of 
laboratories  and  the  acquisition  of  equipment*    As  we  face  our 
present  budget  constraints,  it  is  important  to  remember  tnat  the 
Foundation  did  not  pay  the  entire  cost  of  the  facilities  it 
helped  to  fund*    Hatching  funds  were  required*    In  fact,  the 
Foundation's  contributions  had  a  very  impressive  leveraging  ef- 
fect*   The  total  value  of  the  facilities  and  equipment  acquired 
with  NSF  assistance  was  about  $500  million,  better  than  a  two-to- 
one  leverage*    The  programs  and  funding  mechanisms    of  the  agen- 
cies varied,  but  the  policy  objectives  wer*  the  same — all  of  the 
agencies  sought  to  strengthen  the  universities1  research  and 
graduate  training  capabilities* 


According  to  the  NSF,  federal  grant  funds  for  graduate  science 
facilities  for  fiscal  years  1957-1970  totaled  about  $3/4  billion* 
National  investments  from  all  sources  surely  were  several  times 
that*    Then,  in  1970,  all  federal  funding  ceased*    Federal  lead- 
ership receded*    The  linkage  between  federally  funded  research 
programs  and  the  federal  contribution  to  the  capital  lacilities 
necessary  to  sustain  them  was  broken*    We  reversed  our  commitment 
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to  stimulating  capital  investments  in  university  research  facili- 
ties* and  our  present  problems  began  to  grow. 


Hfun  1*T«ttl  Hit*  Cram  Fun*  for  Ortiu*t»  Sctonc* 


The  fruits  of  those  original  decisions  confirm  their  wisdom.  The 
nation  can  take  legitimate  pride  in  the  extraordinary  accomplish- 
ments of  the  past  four  decades.    There  is  no  need  to  recount  the 
history  for  this  Committee.    You  provided  indispensable  leader- 
ship for  this  historic  effort.    It  is  sufficient  to  note  how 
those  policy  choices  have  transformed  our  health/  our  economy, 
our  educational  system  and  our  national  security.    As  we  look 
ahead,  we  can  glimpse  our  ruture  as  we  contemplate  the  impiica- 
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tions  of  revolutionary  developments  in  such  promising  fields  as 
biotechnology ,  advanced  materials,  microelectronics,  and  super- 
computers*   The  question  before  us  is  whether  we  remain  today 
sufficiently  vise*  and  courageous,  to  make  the  inescapable  and 
difficult  choices  before  us* 

Th*>  Meaning  af  Infrastructure  • 

The  term  infrastructure,  though  widely  used  to  characterize  our 
concerns,  is  an  imprecise  guide  to  discussions  of  the  problem  and 
policy  choices*    Yesterday  Dr*  Dale  R*  Corson,  in  his  testimony 
before  the  Committee,  defined  the  term  infrastructure  to  include 
the  people,  the  facilities,  the  equipment,  the  research  libraries 
ana  the  institutional  arrangements  required  to  do  effective  re- 
search*   He  is  correct*    The  term  includes  much  more  than  the 
research  facilities  which  are  the  focus  of  my  remarks* 

The  term  research  facilities  itselt  requires  definition*  The 
Committee  on  Science,  Eng  neering,  and  Public  Policy  of  the 
National  Academy  of  Sciences  has  just  published  the  fourth  edi- 
tion of  the  report  required  by  the  National  Science  and  Techno- 
logy Policy,  Organization  and  Priorities  Act  of  1976  titled  "The 
Outlook  for  Science  and  Technology  1985*"    The  report  helpfully 
distinguishes  among  four  classes  of  research  facilities: 

1*     national  facilities,  intended  to  serve  a  national, 
often  international,  research  community*    The  report 
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cites  the  Foroi  national  Accelerator  Laboratory  in 
Illinois  as  an  example  of  such  a  facility* 

2.      university-based  research  facilities;  a  new  or  reno- 
vated, cheaistry  or  engineering  building  is  an  example* 

3*      regional  research  facilities  usually  based  at  a  univer- 
sity; the  report  cites  the  Triangle  Universities 
Nuclear  laboratory  in  Durham,  North  Carolina,  as  one 
example* 

4,      technology  centers;  these  are  usually  located  at  or 
affiliated  with  universities  and  are  tied  to  local  or 
regional  economies — for  example,  the  Basic  Industry 
Research  Institute  at  Northwestern  University* 

Important  resource  and  policy  questions  surround  each  of  these 
four  classes  of  facilities.    I  will  limit  my  remarks,  however,  to 
just  one  of  them*    the  need  to  modernize  university,  campus-based 
research  facilities  that  are  home  to  the  nation's  competitive 
scientific  and  engineering  research  programs* 

Thft  DiaonBionR  nf  fch*  Prr>Mf»m 

The  problem,  in  its  essentials,  is  quickly  stated.    Many  of  the 
nation's  leading  universities  are  hampered  by  substantial  and 
growing  inventories  of  obsolete  laboratories.    In  a  real  sense  we 
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have  allowed  the  capital  base  of  our  research  enterprise  to 
become  a  wasting  asset.    For  many  yeau,  as  we  stimulated  invest- 
ment in  research  with  striking  success,  we  simultaneously  forced 
our  institutions  to  consume  their  capital  assets.    When  we 
abruptly  stopped  investing  in  the  capital  base  for  our  national 
research  programs,  we  eftectively  mortgaged  our  future,  and  that 
mortgage  has  now  come  due  in  institutions  and  states  across  the 
'  country. 

The  consequences  are  ominous  for  the  researchers  and  students  who 
must  work  in  inadequate  buildings  with  obsolete  equipment.  Rich 
opportunities  to  exploit  new  fields  are  being  lost,  many  of  the 
most  promising  research  questions  are  not  being  addressed,  exces- 
sive time  is  being  consumed  by  the  maintenance  and  repair  of 
outdated  instruments .ana  support  equipment — often  because  labora- 
tories lack  the  necessary  technical  support  personnel,  interac- 
tions between  academic  and  industrial  researchers  are  being  im- 
poverished, commercially  available  .devices  for  making  advanced 
measurements  are  not  being  .applied  to  research  questions  and  the 
quality  of  training  provided  to  advanced  undergraduate  and 
graduate  students  is  being  compromised. 

These  conditions  erooe  faculty  morale  at  a  steady  pace/  and  they 
make  careers  in  industrial  and  national  laboratories  increasingly 
attractive  for  our.  brightest  students.    Prospective  graduate 
students,  especially  highly  talented  U.S.  citizens,  now  fre- 
quently opt  to  pursue  alternative  careers  rather  than  work  in 
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inferior  university  environments.    Half  of  the  Ph.D.  degrees 
awarded  by  our  engineering  schools  now  go  to  foreign  nationals, 
many  of  whoa  return  to  their  own  countries.    Our  ability  to 
attract  and  retain  highly  qualified  minorities  and  women  also  is 
being  steadily  reduced* 

Obsolete  research  equipment  is  one  important  aspect  of  tne  broad- 
er problem  now  widely  recognized  by  federal  and  state  government, 
by  industry  and,  of  course,  by  the  universities  themselves.  Some 
important  steps  already  have  been  taken  by  federal  agencies, 
especially  by  NSF  and  DOD*  But  anyone  who  looks  caretully  at  the 
equipment  problem  will  quickly  see  that  these  efforts  are  only  a 
beginning* 

Por  example,  a  recent  NSF  survey  of  43  universities  tound  that  25 
percent  of  equipment  now  in  use  is  obsolete;  only  16  percent  is 
state  of  the  art;  haxr  of  it  is  at  least  six  years  old*  More 
than  90  percent  of  the  department  heads  responding  reported  that 
■important  subject  areas"  of  research  could  not  be  performed  in 
their  laboratories  because  they  lack  the  necessary  instrumenta- 
tion*   Almost  half  of  them  rated  their  equipment  as  "insuffi- 
cient"; only  8  percent  said  their  equipment  i3  "excellent*" 


These  findings  are  based  on  a  survey  of  22,300  items  inventoried 
in  three  key  fields:    computer  science;  physical  science  and 
engineering.    They  ought  to  interest  any  who  are  concerned  about 
our  ability  to  develop  new  technologies,  to  create  advanced 
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manufacturing  processes  and  to  shorten  the  time  necessary  to 
transfer  findings  from  the  laboratory,  to  new  applications. 

Beyond  the  instrumentation  problem  lies  the  ill-defined  but  lar- 
ger, and  certainly  »ore  difficult,  problem  of  replacing  and 
modernizing  the  research  buildings  which  house  our  researchers, 
their  students  and  their  research  instruments.    Present  estimates 
of  the  capital  deficit  are  inadequate,  and  they  vary  widely.  We 
are  pleased,  therefore,  that  this  committee  addressed  the  need 
for  better  information  and  analyses  of  the  problem  by  including 
in  the  FY  1985  NSF  Authorization  new  authority  for  NSF  to  develop 
a  permanent  analytical  capability  in  this  area.    We  hope  the 
Foundation  will  proceed  rapidly  to  develop  this  essential  data 
base. 

Some  present  estimates  are  that  one-half  of  the  physical  plant  of 
all  universities  and  colleges  is  more  than  twenty-five  years  old; 
one-quarter  of  it  was  built  prior  to  World  War  II.    A  1980  report 
by  the  Association  of  American  Universities  found  that  the  median 
age  of  research  instruments  in  university  laboratories  surveyed 
was  twice  that  of  commercial  laboratories.    In  1981  the  AAU 
reported  that  universities  were  able  to  meet  only  about  half  of 
their  accumulating  needs  to  replace,  modernize  .and  renovate  their 
research  laboratories. 

Our  experience  at  the  University  of  Illinois  confirms  these 
earlier  findings.    We  have  just  completed  an  audit  of  the  condi- 
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tion  of  ail  university  buildings,  except  student  auxiliary  build- 
ings and  our  power  plants.    The  audited  buildings  number  more 
than  280,  house  nearly  10  million  assignable  square  feet  and  have 
an  estimated  replacement  value  exceeding  52  billion.  Fifty-six 
percent  of  the  buildings  on  the  Urbana  campo.8  and  44  percent  of 
the  total  on  both  campuses  are  over  50  years  old.    The  total  cost 
to  renovate  the  better  buildings  and  to  replace  the  worst  is 
estimated  at  just  under  $600  million;  i.e.,  nearly  30  percent  of 
the  total  replacement  cost.    A  considerable  portion  of  these 
facilities  are  research  facilities.    In  summary,  the  University 
of  Illinois  has  an  immediate  research  f ac.  Ucies  deficit  conser- 
vatively estimated  to  be  several  hundred  million  dollars.  And 
these  estimates  do  not  include  the  projected  requirements  of  new 
research  programs.    Furthermore,  this  building  condition  audit 
was  carried  out  in  terms  of  continuing  use  of  these  buildings  for 
their  present  purposes;  it  does  not  include  estimated  costs  of 
their  adaptation  to  the  special  needs  of  new  kinds  of  research 
programs. 

A  report  just  published  by  the  Department  of  Defense  confirms 
that  our  audit  results  are  not  peculiar  to  the  University  of 
Illinois.    On  April  29  the  DOD,  in  response  to  a  1984  request  by 
the  Bouse  Committee  on  Armed  Services,  published  a  report  titled, 
"Selected  University  Laboratory  Needs  in  Support  of  National 
Security.*    I  understand  that  copies  of  the  report  have  been 
provided  to  the  Committee. 
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This  new  report  increases  cur  understanding  of  the  research 
capital  deficit.    Significantly  it  does  not  present  information 
gathered  froa  the  universities*    Instead  it  gives  the  OOO  per- 
spective of  the  problem.    It  provides  estimates  prepared  by 
research  program  officers  of  the  Office  of  Naval  Research  (ONR) # 
the  Army  Research  Office  (ARO) ,  the  Air  Force  Office  of  Scienti- 
fic Research  (AFOSR)  and  the  Defense  Advanced  Research  Projects 
Agency  (DARPA)  •    The  Division  Directors  of  the  Services  assessed 
the  priority  research  laboratory  needs  of  the  key  universities  in 
which  they  fund  research.    (We  understand  that  only  a  small 
fraction  of  the  top  iaO  research  universities  were  included  in 
each  review.)    Unlike  the  Illinois  audit,  which  was  university- 
wide  across  all  fields,  the  DOD  estimates  are  confined  to  the 
needs  of  relatively  few  institutions  in  just  five  disciplines 
essential  to  the  Department's  missionx    chemistry,  electronics, 
engineering,  materials  and  physics. 

The  following  table,  "IV-l  Summary  of  Selected  Laboratory  Needs 
of  Major  University  Performers  of  Defense  Research,"  presents  the 
results  of  the  study.    The  Services  estimate  that  the  key  univer- 
sities have  priority  needs  for  equipment  and  facilities  in  these 
five  fields  of  almost  $700  million.    The  report  recommends  that 
the  Department  of  Defense  establish  a  five-year  $300  million 
laboratory  modernization  program,  and  that  other  federal  agencies 
Join  DOD  in  a  governmentwiae  effort. 

Data  prepared  by  the  National  Science  Foundation  help  to  place 
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the  DOD  findings  in  context*    Spending  by  universities  on  R&D 
facilities  and  equipment,  currently  about  $1  billion  per  year, 
has  been  relatively  flat  since  1968  in  current  dollars,  and  in 
constant  dollars,  declined  some  60  percent  during  1966-61.  The 
federal  share  of  the  total  facilities  effort,  meanwhile,  declined 
from  32  percent  in  1966-C8  to  16  percent  in  1981*    In  constant 
dollars  federal  obligations  for  academic  Rtu  plant  decreased  by 
90  percent  between  1966  and  1983.    (See  the  following  figure.) 
Clearly  a  competitive  industry  would  not  so  effectively  decouple 
investment  in  its  capital  base  from  its  long-term  objectives. 


r«*r»l  OMipUorts  for  R&D  Pt«*  to 
lWviruii«  ■«!  Coll#gn 
fhcM  Ywr*  1963*1909 
(Dotarsinffllkra) 
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SOURCE:  DM  rton  of  Sdra  fttiorcti  SUxSm.  NsUoral  Sotnct  Fouvfetan. 
fl9xt3  for  19S4     1969  art  ntimatH. 


We  are  pleased  to  see  that  the  House  Committee  on  Armed  Services 
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already  Is  responding  to  tha  DOD's  concerns.    Last  week  the 
Coaaittee  lncreeaed  froa  $25  allllon  to  $200  oil lion  the  funding 
requested  by  the  President  for  a  new  prograa  naeed  the  University 
Research  Initiative  (URI) •    Through  this  prograa  the  DOD  intends 
to  strengthen  Its  lnvestaent  both  In  people  and  In  the  capital 
base*    Graduate  fellowships,  faculty  develcpaent  prograas,  re- 
search instrumentation  and  facilities  prograas  are  proposed*  In 
Its  report  the  Coaaittee  addressed  the  seriousness  of  the  pro- 
blea*    The  Coaaittee* s  stateaent  Is  attached  to  ay  testimony 
(Attachaent  A)*    He  hope  that  the  aeabers  of  the  Coaaittee  on 
Science  and  Technology  will  join  with  the  Bouse  Coaaittee  on 
Araed  Services  In  securing  an  appropriation  for  this  potentially 
important  initiative  at  the  full  authorized  level* 

A  Siioap«fc£d  Approach 

In  the  absence  of  a  cohesive  national  effort/  universities  are 
atteaptlng  to  address  the  capital  deficit  by  a  variety  of  means* 
Debt  is  aountlng  In  aany  institutions  as  they  borrow  funds,  use 
available  bonding  authorities,  leverage  available  funds  with 
other  private  and  state  funds,  and  cost-share  with  other  institu- 
tions*   Certainly  the  creative  energies  of  universities  must  be 
tapped  to  their  capacity.    I  believe  most  already  are  stretching 
their  laaglnatlons  and  resources  to  the  prudent  Halt,  and 
soaetiaes  beyond* 

A  satisfactory  solution  lies  beyond  the  capacity  0f  alaost  all 
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institutions*    That  broader  effort  must  come  from  a  well-con- 
ceived, wall-coordinated  national  program  led  by  the  federal 
government,  again  working  through  its  six  major  research  agen- 
cies!   Department  of  Defense,  Department  of  Energy,  National 
Aeronautics  and  Space  Administration,  National  Institutes  of 
Health,  National  Science  Foundation,  and  United  States  Department 
of  Agriculture* 

We  believe  that  several  basic  principles  ought  to  guide  the 
development  of  a  governmentwide  reinvestment  initiative.  Among 
these  ore  the  following t 

•       University  research  and  training  programs  supported  by 
federal  agencies  are  essential  to  our  security,  our 
health,  our  economy  and  our  general  well-being* 

The  research  and  education  programs  of  many  universi- 
ties and  colleges  are  hampered  by  inadequate  research 
facilities  and  equipment,  and  these  institutions  lack 
the  ability  to  replace  or  modernize  their  facilities 
without  the  assistance  of  the  federal  research 
agencies* 

The  capital  deficit  of  universities  is  threatening  the 
nation's  competitive  position  in  science,  engineering 
and  technology,  thus  placing  at  risk  our  tuture  nation- 
al security,  our  health,  and  our  standing  in  the 
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international  marketplace. 

-       A  national  program  to  secure  the  necessary  reinvest- 
ments in  the  capital  base  of  universities  is  needed; 
federal  agencies,  states,  industry  and  others  all  must 
participate  because  the  nation's  needs  exceed  the  capa- 
city of  any  one  sector  to  address  them  alone. 

The  federal  research  agencies  must  rebuild  the  linkages 
batveen  their  research  progr.^Li  and  the  capital  base  by 
making  capital  investments  in  those  academic  fields  and 
institutions  that  are  essential  to  each  agency's  mis- 
sion; facilities  modernization  program?  ought  to  be 
established  and  developed  as  integral  parts  of  each 
agency's  research  program. 

Proceeding  from  these  guiding  principles/  we  suggest  that  a 
successful  facilities  reinvestment  program  will  have  at  least  the 
following  characteristics: 

it  will  provide  for  a  sustained  commitment  for  a  period 
of  at  least  eight  to  ten  years; 

each  federal  dollar  invested  will  be  matched/  thereby 
at  least  doubling  the  leverage  of  each  tax  dollar; 

awards  will  be  mace  competitively  among  quaiif in- 
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stitutioas  with  priaary  but  not  necessary  sole,  er.pba- 
sis  given  to  the  scientific  and  technical  quality  of 
the  research  and  training  to  be  provided;  state  and 
local  considerations  also  will  be  taken  into  account; 
and 


saaller,  developing  research  universities  and  research- 
oriented  colleges  will  be  guaranteea  an  opportunity  to 
coapete  for  funds  among  comparable  institutions  so  as 
to  provide  thea  a  reasonable  chance  of  success. 


Conclusion 


Mr.  Chairman,  we  believe  that  we  no  longer  can  defer  our  recoa- 
aitaent  to  the  research  enterprise.    He  can  no  longer  afford  to 
turn  our  backs  on  the  eroding  foundations  of  our  universities. 
Difficult  choices  1 \e  ahead  only  because  these  are  unusually 
difficult  tiaes.    Soae  of  our  choices  no  doubt  will  require  us  to 
defer  certain  priorities  in  order  to  get  on  with  the  necessary 
rebuilding  effort.    Saying  no  is  never  easy,  but  it  is  absolutely 
essential  that  we  begin  that  priority-setting  process. 

Thank  you  for  the  opportunity  to  share  these  thoughts  with  you. 
I  will  be  pleased  to  respond  to  your  questions. 
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PANEL  DISCUSSION 

Mr.  Fuqua.  Thank  you  very  much. 

Let  me  thank  all  of  you,  and  particularly.  Dr.  Langenberg,  for 
the  comment  about  the  University  Research  Initiative  that  the 
Armed  Services  Committee  has  put  forth.  We  have  not  had  a 
chaiice  to  discuss  that  with  them  arid  I  am  very  pleased  to  see  the 
forward-looking  attitude  they  have  taken  in  this  area  and  with  con- 
siderable increase  over  what  had  been  recommended,  by  the  Presi- 
dent. 

You  can  rest  assured  of  iiy  personal  support  when  that  comes  to 
the  floor  for  authorization  as  well  as  the  appropriations  process.  I 
think  it  is  .very  important  to*  support  that  program^ 

Dr.  Henley,  in  your  opinion  the  growth  in  the  number  and  the 
cost  of  research  support  personnel— I  think  you  included  about  one- 
fouito;ri^arch  and  about  ,  three-fourths  support  personnel— is  that 
attributed  to  the  growth  of  government  regidation  and  so  forth? 

Dr.  Hensley*  A  portion  would  be,  the  accounting  portion,  but 
very  small.  It  is  really  the  changing  science  structure  that  is 
changing  on  the  universities. 

Mr.  Puqua.  The  management  of  the  research  and  support  per- 
sonnel is  principally  a  matter  for  the  universities  to  manage  them- 
selves. 

Dr.  Hensley.  That  is  correct. 

Mr.  Fuqua.  Is  there  anything  that  the  Federal  Government  can 
do  to  try  to  reduce  that  escalating  cost  of  research  infrastructure? 

Dr.  Hensley.  I  don't  think  it  is  reducible.  I  think  it  is  going  to 
continue  to.  grow. 

The  accounting  procedures  and  management  procedures  that  are 
currently  in  the  universities  are  in  need  of  a  reassessment  by  insti- 
tutions themselves.  Some  place  along  the  way  a  system  of  prioriti- 
zation, what  they  will  do,  and  a  way  of  looking  at  where  they  are 
spending  their  money  has  to  occur.  Academic*  will  have  to  resist 
this,  the  same |  way  they  have  resisted  time  and  effort  reporting.  It 
is  very  difficult  to  get  a  handle  on  exactly  where  money  is  going  in 
university  research  unless  you  do  it  on  a  project-by-project  basis. 
The  infrastructure  as  a  whole  is  not  costed  out  to  a  project. 

Infrastructure  is  supported  at  a  departmental  level  usually  or  a 
central  facilities  level  without  a  system  of  chargebacks  unless  it  is 
for  computers,  so  it  becomes  very  difficult  as  an  accountant  to  look 
at  it  and  find  out  where  the  money  ic  going  specifically.  University 
a^demics  want  the  support  but  they  also  do  not  wane  to  make  the 
effort  as  far  as  paperwork  is  concerned  to  give  you  some  kind  of 
audit  trail  back  to  where  those  facilities  are  supporting  a  particu- 
lar project  or  a  particular  piece  of  research. 

Mr.  Fuqua.  What  impact  would  it  have  for  changing  the  ac- 
counting procedures,  particularly  depreciation  or  amortization  of 
equipment  and  buildings  as  suggested  to  us  yesterday  by  one  of  the 
witnesses? 

Dr.  Hensley.  I  think  it  would  have  

Mr.  Fuqua.  Some  50  years  to  25  years  more  realistically. 

Dr.  Hensley.  I  think  that  would  help.  Again,  in  supporting  sci- 
ence and  research  that  we  will  need  it  would  mean  changing  our 
/» <  > 
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models  within  our  institutions  about  how  we  will  do  this.  However, 
it  would  be  a  step  forward  as  far  as  I  am  concerned. 

Dr.  Langenberg  may  have  a  different  opinion. 

Dr.  Langenberg.  I  think  it  would  be  a  helpful  recognition  of  the 
realities  of  lifetimes  of  research  laboratories  and  research  instru- 
mentation, I  do  not  think  it  provides  the  solution  to  our  present 
problem. 

Mr.  Fuqua.  Mr.  Smith,  you  mentioned  in  the  report  you  had  pri- 
vate support.  Hew  much  of  that  is  going  for  basic  research  versus 
general  Education?  .Do  you  have  a  breakdown  of  that? 

Mr.  Smith.  No,  Mr.  Chairman,  we  do  not  have  a  breakdown  fol- 
lowing that  particular  line;  15  percent  is  what  we  show  the  institu- 
tions reporting  to  us  as  support  for  research.  That  is  the  only  clue 
we  have  here.. 

The  general  categories  that  are  recognized  by  both  the  account- 
ing people  and  fund-raising  people  with  whom  we  have  contact  cor- 
respond to  those  various  purposes  we  show. 

Mr.  Fuqua.  What  I  am  trying  to  get  at  is  this:  you  indicated  a 
number  of  .colleges  and  the  amount  of  money  they  raise  privately, 
from  corporations,  nonalumni,  et  cetera.  Of  course,  I  have  been  in- 
volved in  that  business  somewhat,  too,  being  an  alumnus  of  a 
school  and  serving  on  the  foundation.  Some  of  that  goes  for  schol- 
arships that  may  not  be  in  basic  research  but  other  areas.  Not  all 
of  it  is  in  what  we  call  basic  research.  It  may  go  into  other  func- 
tions. Some  of  it  also  may  go  to  support  eminent  scholars,  Chairs, 
and  so  on.  I  wondered  whether  there  were  some  kind  of  breakdown 
as  to  how  much  was  going  in  each  direction  or  whether  those  fig- 
ures were  available.  I  am  not  sure  they  are. 

Mr.  Smith.  They  are  not  available  m  quite  that  form.  We  do 
knq^y  about  70  percent  of  all  the  funds  received  by  all  colleges  des- 
ignated by  a  variety  of  things  would  be  a  general  designation- 
used  by  the  college  for  student  aid,  any  kind  of  scudent  aid,  gradu- 
ate, undergraduate,  minorities,  it  can  be  used  for  those  students 
who  have  particular  financial  needs,  or  a  recognition  for  scholastic 
excellence.  It  can  Ke  used  in  any  way  they  want.  Other  funds  can 
be  use  i  for  endowed  Chairs.  Some  funds  go  directly  to  academic  de- 
partments. 

Mr.  Fuqua.  That  is  right. 

Mr.  Smith.  They  may  be  restricted  as  far  as  the  university  is 
concerned  to  the  chemistry  department,  engineering  school,  medi- 
cal school,.but  unrestricted  by  the  dean  of  that  school.  Undoubted- 
ly, some  of  those  funds  that  are  likely  funds  designated  for  capital 
purposes  ultimately  wind  up  used  for  research  or  research  infra- 
structure. There  is  no  way  to  trace  it  down  because  these  are  not 
clear-cut  categories. 

Mr.  Fuqua;  Dr.  Sprow,  you  mentioned  four  or  five  things  univer- 
sities do  in  teaching— new  knowledge,  and  so  on. 

Dr.  Sprow.  Correct. 

Mr.  Fuqua.  The  one  thing  I  thought  was  missing  which  I 
thought  was  very  important  was  that  of  teaching.  It  is  not  neces- 
sarily the  genesis  of  it  because  it  starts  in  the  home,  secondary  and 
elementary  schools  and  graduate  schools  where  you  really  have  the 
basic  training  mechanism  for  future  scholars  and  researchers  and 
people  who  serve  in  Congress  arid  whatever.  I  feel  very  strongly 
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about  this  and  I  made  that  point  many  times.  That  is  where  we 
train  people  and  these  are  the  people  we  will  need  in  society.  Per- 
haps that  can  be  No.  6. 

Dr.  Sprow.  That  goes  along  with  1  through  5.  The  teaching  is 
cntical  from  an  industrial  perspective.  I  think  from  my  own  obser- 
vation this  problem  we  are  talking  about,  the  equipment,  instru- 
mentation and  infrastructure  proolem  is  at  its  most  critical  in 
teaching  facilities,  particularly  in  the  undergraduate  activities  in 
the  universities.  It  is  the  undergraduate  engineering  teb,  under- 
graduate chemistry  lab  where  this  situation  we  are  talking  about  is 
really  critical. 

Mr.  Fuqua.  You  also  mentioned  using  business  management  pro- 
cedures and  techniques  developed  in  the  industrial  sector  to  im- 
prove the  effectiveness  of  infrastructures.  Based  on  your  own  obser- 
vations and  experience,  what  has  kept  the  universities  from  doing 
that?  Are  there  cases,  institutions,  or  other  situations  where  there 
has  been  significant  progress  made  in  trying  to  apply  these  proce- 
dures? .  * 

Dr.  Sprow.  The  current  system  with  the  great  majority  of  the 
funding  going  to  individual  researchers  just  generally  works 
against  the  application  of  a  great  deal  of  management  techniques. 
University  people,  faculty  members,  and  researchers  are  an  inde- 
pendent breed,  are  thankful  they  are,  are  not  all  conservative  types 
like  us  folks,  in  industry.  I  think  when  you  have  a  system  that  by 
and  large  allocates  sums  to  a  group  of  independent  people  the 
chances  to  apply  management  techniques  in  an  across-the-board 
way  to  maximize  sharing  and  maximize  planning  or  obsolescence 
and  looking  at  ways  to  tie  together  research  activities  electronical- 
ly and  through  computing,  it  is  sort  of  like  pushing  the  wrong  end 
of  the,  straw.  It  never  will  get  through  as  long  as  that  is  the  funda- 
mental mechanism. 

That  mechanism  has  a  place.  It  has  produced  some  tremendous 
research.  The  cost  of  the  equipment  has  gotten  to  the  megascale— 
sUTCrcomputers,  advanced  physics  equipment.  That  old  mechanism 
and  independence  which  is  inextricably  a  part  of  it  I  do  not  think 
will  solve  the  problem. 

Mr.  Fuqua.  We  discussed  this  yesterday  briefly  from  the  academ- 
ic standpoint.  One  of  the  questions  that  comes  to  mind,  and  it  has 
been  mentioned  in  some  of  the  conversations  we  have  had  before 
the  task  force,  that  back  when  we  switched  somewhat  from  the 
block  grants,  larger  grants,  more  individual  oriented  research  pro- 
grams, we  tend' then  to  remove  long-range  planning  and  so  forth 
for  infrastructure.  You  mentioned  1970.  There  were  some  after 
that  time,  I  think.  The  National  Science  Foundation  has  centers  of 
excellence  awards  which  worked  very  effectively.  They  were  very 
beneficial  to  all  concerned. 

Dr.  Langenberg.  That  is  correct. 

Mr.  Fuqua.  Do  you  think  that  has  contributed  part  of  the  prob- 
lem? 

Dr.  Sprow.  Now  that  I  have  the  mike,  on  the  centers,  I  think 
there  is  a  key  philosophical  decision  which  has  to  be  made  when 
such  centers  are  set  up,  and  that  is  not  to  let  the  organization  that 
is  geo^aphically  responsible  for  the  center  dominate  the  activities 
in  the  center.  If  you  set  up  a  center  at  the  University  of  Utah  and 
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make  it  so  difficult  for  researchers  not  at  that  university  tc  partici- 
pate at  the  university  it  is— I  am  not  picking  on  Utah  but  picking 
them  out  of  the  air-rif  you  make  it  so  difficult  for  people  outside 
that  geographic*areavto  participate,  the  center  is  of  no  use.  You 
have  to  work  at  that  from  the  front  end  to  be  sure  there  is  an  advi- 
sory board,  ^active  participation  of  proposals  and  research  from  out- 
side. theJhost  university. 

Dr;  Langenbkrg.  if  I  may,  a  couple  general  comments  on  the 
management  question.  I  think  this  is  indeed  a  serious  question. 
Universities  need  to  pay  more  attention  than  they  have  in  the  past 
to  the  managing  of  universities.  They  are  different  from  industry. 
They  are  managed  from  the  top  down  only  to  a  degree.  They  are 
managed  to  a  substantial  degree  by  the  individual  faculty  and  indi- 
vidual researchers.  A  colleague  of  mine  defines  a  faculty  member 
as  someone  who  thinks  otherwise.  That  is,  I  think,  a:  very  true  defi- 
nition. 

As  has  been  pointed  out,  when  they  are  equipped  with  their  own 
funds  from  NSF,  NIH,  through  a  grant  which  they  consider  to  be 
their  own,  just  like  the  fact  the  university  is  the  grantee,  it  tends 
to  be  very  difficult  to  manage  the  process  in  any  kind  of  a  coherent 
way.  One  has  an  individual  group  of  entrepreneurs,  if  you  will. 

Nevertheless,  because  they  are  forced  to  do  so,  I  think  more  and 
more  the  universities,  the  leading  universities,  are  beginning  to  de- 
velop quite  sophisticated  management  systems.  They  are  riot  exact- 
ly like  those  in  iridustiy.  To  some  degree  tHey  might  be  said  to  rely 
on  some  of  the  consensus  development  or  collective  management 
techniques  that  we  sometimes  lock  at  bur  Japanese  colleagues  and 
wonder  whether  they  are  using  those  better  than  we  are  in  indus- 
try. In  some  sense  they  are  a  bit  like  that.  There  are  many  univer- 
sities with  strong  management  systems. 

I  also  believe  that  larger  research  systems,  had  they  been  cen- 
ters, centers  of  excellence  awards,  had  they  been  Materials  Re- 
search Laboratories,  centers  in  which  the  fimding  depends  on  the 
bringing  together  of  many  different  faculty  researchers,  many  fac-  ■ 
ulty  students,  and  post-doctorates,  institutions  requiring  manage- 
ment, they  do  tend  to  enhance  and  promote  the  notion  that  to  a 
degree  even  the  research  process  at  a  university  can  be  managed  to 
our  advantage,  financial  and  otherwise. 

Dr.  Hensley.  I  would  like  to  address  that  issue,  also.  Universities 
have  developed  centers.  They  have  developed  their  own  centers.  If 
you  were  to  look  at  the  directory  for  centers  and  institutions,  you 
would  find  there  has  been  a  large  growth  since  1960  from  close  to 
1,800  up  to  5,500  at  this  time. 

There  was  a  huge  growth  in  centers  and  institutes  during  the 
1960*6  and  severities  at  all  institutions.  These  were  not  necessarily 
funded  or  started  by  the  Federal  Government.  They  were  started 
by  the  institutions  themselves.  In  some  cases  material  science  cen- 
ters were  started  by  the  National  Science  Foundation  fimds,  but 
other  types  of  centers  have  been  a  carted  because  they  have  recog- 
nized a  disciplinary  or  regional  need  to  establish  that  center  at 
that  particular  institution. 

More  moneys  are  coming  in  to  these  centers  and  they  have 
grown  from  an  average  size  of  about  18  people  per  center  up  to 
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where  there  are  63  on  the  average  size  of  each  center.  Therefore, 
the  compontion  within  institutions  is  changing. 

If  you  look  at  the  National  Science  Foundation  statistics  as  to 
where  money  is  going,  you  will  see  more  money  is  going  to  centers 
.  percentagewise,  an  increasing  amount  of  monej  into  center  and  in- 
stitute-type of  development  rather  than  individual  areas.  Institu- 
tions are  putting  together  management  techniques  that  will  meet 
the  changing  needs  of  the  society  and  they  are  doing  it  in  their 
own  way  in  what  they  call  their  centers,  and  these  things  are  rela- 
tively small— 100  people  or  so.  That  is  the  way  they  are  handling 
their  response  to  better  management. 

Mr-FuQUA.  Before  T  call  on  Mr.  Bruce,  we  may  have  some  addi- 
tional questions.  I  will  have  to  excuse  myself.  We  may  have  addi- 
tional: questions  to  submit  to  you.  We  would  appreciate  your  re- 
sponding, to  those  questions. 

Mr.  Bruce.  Welcome,  Dr.  Langenberg.  I  air  glad  to  have  you 
here.    i:  . 

One  of  the  things  ir  your  testimony  you  brought  forward  is  that 
there  should  be  matching  grants.  You  mentioned  $700  million  in 
immediate  needs  and  perhaps  another  $300  million  over  a  5-year 
period. 

Dr.  Hensley,  I  noticed  in  this  morning's  paper  that  Texas  col- 
leges and  universities  are  falling  on  to  hard  times  because  of  the 
lack  of  oil  revenue.  Could  the  universities  in  this  country  try  to 
come  up  with  matching  dollars  on  a  $1  billion  research  program? 
Could  you  match ^tHat  dollar  for  dollar? 

Dr.  Langenberg.  I  believe  they  could.  There  is  almost  no  incen- 
tive like  money.  If  Federal  money  would  flow  only  in  response  to  a 
match  from  another  source,  I  think  if  you  look  for  the  public  insti- 
tutions that  States  support,  prototypes  of  a  kind  of  program  that 
could  be  looked  to  for  possible  matcning  funds  for  the  public  insti- 
tutions, if  you  look  at  the  very  substantial  numbers  we  have  heard 
about  for  private,  particularly  corporate,  giving,  yes,  I  think  the 
universities  could  come  up  with  matching  funds.  They  have  in  the 
past  and  I  think  they  could  now  from  one  source  or  another. 

Dr.  Hensley.  I  would  concur  with  that  opinion. 

Mr.  Bruce.  I  came  from  another  science  and  technology  meeting. 
We  talked  about  transfer  of  information  from  research  facilities. 
There  is  a  possibility  we  will  have  legislation  pending  to  allow  a  15- 
percent  royalty  program,  having  researchers  participate  in  patents 
and  licensing  provisions;  Down  the  road,  wotud  that  work  if  these 
research  facilities  were  private  individuals  who  would  receive  a 
portion  of  the  proceeds  from  licenses  or  patents? 

Dr.  Langenberg..  That  is  presently  the  case  in  most  places  I 
know  of.  Where  there  is  an  invention  and  where  the  university  in 
one  way  or  another  uses  the  patent,  the  faculty  researcher  normal- 
ly participates  in  the  proceeds. 

Mr.  Bruce.  Does  the  university  realize  itself  anything? 

Dr.  Langenberg.  Yes,  it  is  snared  and  often  shared  among  the 
university  and  inventors,  department  or  center  and  then  the  uni- 
versity. 

Mr.  Bruce.  Our  proposal  is  to  do  that  with  Federal  laboratories. 
Do  you  think  that  might  be  successful? 
Dr.  Langenberg.  It  might  very  well  be  successful,  yes. 
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Mr.  Bruce.  Thank  you,  gentiemen,  for  your  testimony  today. 
The  task  force  stands  adjourned  subject  to  the  call  of  the  Chair. 
[Whereupon,  at  12:10  p.m.,  the  task  force  recessed,  to  reconvene 
on  Tuesday,  June  10, 1985,  at  9:30  a.m.] 
[Questions  and  answers  for  the  record  follow:] 
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Q.  We*  have  often  been  told  that  a  general  concern  which 
industry  has  about  today 1 s  "science  and  engineering  graduates 
is  that,  they  are  trained  on  obsolete  research  equipment  in 
comparison  with  the  more  up-to-date  equipment  they  will  be 
using  In  industry.  How  does  industry  manage  to  acquire  and 
make  available  to  their  research  staff  the  most  modern 
equipment,  and  what  lessons  can  government  and  the  universi- 
ties learn  from  industry  in  this  area? 

A.  The  principles  employed  by  industry  for  purchasing 
research  instruments  are  the  same  as  those  used  when  consid- 
ering other  significant  investments*  To  ensure  that  research 
results  are  obtained  in  a  timely  and  cost-efficient  manner, 
we  make  certain  that  all  the  alternatives  to  achieving 
research  results  are  evaluated  prior  to  purchase.  Government 
and  universities  should  consider  separating  equipment  costs 
from  other  costs  when  analyzing  proposals,  and  require 
investigators  to  offer  alternatives  to  purchasing  additional 
new  equipment  for  achieving  research  results.  This  should 
help  ensure  that  excessive  equipment  is  not  purchased,  and 
that  the  available  funds  are  channeled  to  state-of-the-art 
apparatus*  — 


'Q.  You  have  made  the  suggestion  that  in  most  areas  of 
research  a  threshold  exists  between  when  each  researcher 
should  have  his  or  her  own  instrument  and  when  an  instrument 
should  be  used  by  a  group  of  researchers.  In  the  absence  of 
the  recognition  of  such  a  threshold  by  the  universities,  can 
and  should  the  government  science  agencies  develop  and 
establish  such  thresholds? 

A.  Yes.  Factors  that  should  be  considered  in  establishing 
such  a  threshold  include  the  cost  of  the  equipment,  ease  of 
operation,  calibration  repeatability  and  expected  time  of 
usage • 


Q.  You  observed  (page  7  of  your  prepared  testimony)  that,  in 
your  view,  the  "exact  size  of  the  instrumentation  deficit 
does  not  really  matter.  The  problem  is  a  major  one."  Would 
you  not  agree,  however,  that  for  us  in  the  Congress,  where 
the  allocation  of  scarce  resources  and  the  matching  of  needs 
to  resources  is  an  important  function,  there  is  a  compelling 
requirement  to  have  estimates  of  the  infrastructure  needs 
that  are  as  accurate  as  possible? 

A.  Yes.  A  reasonably  accurate  assessment  of  the  cost  to 
rebuild  our  research  infrastructure  is  important  for  estab- 
lishing priorities  for  the  allocation  of  available  resources. 
However,  before  commissioning  new  studies,  government  should 
review  the  already  published  data  io  be  certain  that  it  is 
inadequate.    My  impression  is  that  il  is  sufficient. 
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Q.  You  noted  (bottom  of  page  7  of  your  prepared  testimony) 
that  competition  for  limited  funds  combined  with  the 
decision-making  system  involving  peer  review  has  often  led  to 
the  specific  denial  of  funds  requested  for  instrumentation, 
Do  you  mean  the  denial  of  proposals  specifically  for  instru- 
mentation only,  or  do  you  mean  the  denial  of  instrumentation 
funds  when  they  are  part  of  a  research  proposal? 

A,  The  denial  of  instrumentation  funds  when  they  are  part  of 
a  research  proposal.  Researchers  frequently  have  to  request 
equipment  for  two  or  three  years  before  it  is  granted. 
Routine  but  essential  instrumentation  is  frequently  cut  from 
research  grant  awards  on  the  sometimes  incorrect  premise  that 
instruments  are  readily  available  from  other  sources.  As  a 
consequence,  researchers  may  be  forced  to  use  less  effective, 
obsolete  equipment  which  slows  the  pace  of  their  research. 
Further,  researchers  may  not  request  needed  instruments  in 
their  research  proposals  because  they  fear  the  funds 
necessary  will  jeopardize  approval  of  the  basic  proposal. 


?*  ^iVou  J1***.  the  observation  (page  11  of  your  prepared 
testimony)  -that  "In  industry. . .investment  in  equipment 
presents  no  hurdles  -  if  it  is  justified,  it  is  purchased." 
Why,  in  your  opinion,  have  government  agencies  and  the 
universities  not  been  able  to  do  the  same? 

A.  Research  programs  in  the  private  sector  are  justified  on 
economic  return,  and  programs  surviving  this  selection 
process  are  appropriately  supported  with  manpower  and  equip- 
ment. Government  and  universities  appear  to  have  difficulty 
in  making  hard  choices  and  narrowing  programs  down.  For 
example,  the  NSF  and  DOE  have  a  history  of  opting  to  provide 
low  levels  of  funding  for  many  investigators  versus  ade- 
quately funding  fewer  projects.  Industry's  capital  and 
equipment  investment  tends  to  be  high,  while  manpower  is 
tightly  stewarded.  The  tendency  within  government  and 
universities  seems  to  be  to  favor  projects  which  employ  large 
numbers  of  researchers  rather  than  equipment. 


Q.  Are  there,  to  your  knowledge,  any  instances  where  govern- 
ment agencies  or  the  universities  themselves  have  successful- 
ly established  mechanisms  for  holding  researchers  accountable 
for  investment  decisions,  as  is  being  done  in  industry  (page 
15  of  your  prepared  testimony)? 

A.  Although  research  proposals  are  subject  to  extensive 
review  prior  to  approval,  I  know  of  no  formal  stewardship 
mechanism  for  holding  individual  investigators  accountable 
for  the  quality  and  productivity  of  their  work. 
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Q.  The  debt  financing  method  has  been  explained  in  detail 
before  this  Committee  in  previous  hearings.  What  are  tho 
reasons,  in  your  experience,  why  that  financing  method  has 
not  been  more  widely  used  in  the  universities? 

A.  University  administrators  tend  to  be  concerned  with  the 
risk  involved  with  debt  financing.  Incurring  debt  for  the 
purchase  of  equipment  is  uncommon,  and  may  in  some  cases  bo 
prohibited  by  state  law.  Instrumentation  is  so  closely  tied 
to  the  researcher  that  his  or  her  leaving  tho  institution 
could  rendor  tho  equipment  nonusable.  The  university  could 
be  left  with  interest  payments  but  no  offsetting  income 
stream  from  a  sponsoring  agency,  etc. 

Federal  regulations,  as  represented  by  C*!B  circular  A-21, 
do  not  allow  interest  payments  as  costs  which  will  be  funded 
by  government  grants.  Therefore,  universities  seek  to  avoid 
interest  costs,  as  the  majority  of  their  funding  for  research 
comes  f rora  government  sources.  Additionally,  universities 
are  nonprofit  operations;  consequently,  the  tax  deduction 
associated  with  interest  costs  does  not  provide  the  same  tax 
reduction  incentive  as  in  a  profit-oriented  industrial 
organizationi-  - 


Q.  It  has  been  suggested  that  the  allowances  under  tho 
indirect  cost  system  in  0MB  Circular  A-21  have  too  long 
i!r7'27  tlac8  to  rQ«listically  allow  for  the  replacement  of 
buildings  and  equipment.  For  example,  the  use  charge  for 
laboratories  is  now  based  on  a  50-year  life,  whereas  indus- 
$£2  Pfactlco  ls  sald  to  be  to  write  off  laboratories  on  a 
20  to  25  year  basis.  What  are,  xn  general,  the  practices  in 
industry  with  respect  to  write-off  periods  fc,i  buildings  and 
equipment? 

A.  Industry  typically  follows  tax  depreciation  schedules  as 
set  forth  by  ACRS,  namely  18  years  for  buildings  and  2  years 
for  equipment. 

Q.  Certain  Ci^c  provisions  now  are  intended  to  encourage 
industry  to  donate  research  equipment  to  tho  universities. 
Do  wo  havo  any  data  on  how  much  such  equipment  is  being 
donated  to  tho  universities? 

A.  To  the  best  of  our  knowledge  no  compilation  has  been  made 
of  the  aggregate.  I  am  concerned  that  such  donations  do  not 
typically  include  funds  to  maintain  the  equipment,  and  this 
can  be  a  substantial  burden  to  the  receiving  organization. 
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10.  Q*  Is  the  incentive  on  industry  to  donate  research  equipment 
to  universities  having  the  effect  that  modern  equipment  is 
being  given  to  universities,  or  is  it  in  far:  obsolescent 
equipment  that  reaches  the  universities  when  i  'iuctry  replac- 
es its  own  equipment  with  more  up-to-date  instruments? 

A.  The  1981  Economic  Recovery  Tax  Act  (ERTA)  contained  a 
provision  encouraging  corporate  donations  of  instrumentation 
to  institutions  of,' higher  learning*  This  provision  allowed  a 
deduction  equal  to  cost  plus  one-half  of  the  difference 
between  the  market  value  and  cost*  We  believe  the  ERTA 
incentive  has  encouraged  the  donation  of  badly  needed,  modern 
.computer  equipment  to  universities;  however,  it  appears  to 
have  had  little  impact  on  corporate  donations  of  other  types 
of  modern  instruments* 

We  should  point  out  that  the  ERTA  provision  provides  an 
incentive  for  equipment  donations  by  manufacturers .  but 
offers  no  incentive  for  industry  research  organizations  to 
donate  equipment,  nor  does  it  offer  an  inducement  for  manu- 
facturers to  provide  funds  for  maintaining  the  equipment  they 


11  •  Q*  How  many  scientists  and  support  personnel  will  be  housed 
in  the  $200  million  research  facility  which  your  company  has 
just  completed?  Is  this  facility  paid  for  through  charges  to 
the  company's  operating  divisions,  that  is,  through  some  form 
of  overhead  payments,  or  through  other  means?  To  what  extent 
is  justification  for  such  a  large  facility  based  on  forecasts 
of  specific  benefits  versus  moto  general  forecasts  of  the 
expected  but  unpredictable  benefits  o£  scientific  research 
•  generally? 

A*  At  present,  about  800  scientists  and  support  personnel 
are  housed  in  our  Clinton,  New  Jersey,  research  facility* 
Operating  costs,  including  rental  of  the  facility  from  its 
owner,  Exxon  Capital  Corporation,  are  borne  by  Exxon  and  its 
affiliates*  Justification  for  use  of  this  new  facility  is 
based  on  the  realization  of  specific  benefits,  i*e*,  safety, 
efficiencies  of  consolidating  activities,  upgrading  of  high 
maintenance  equipment,  etc*,  as  well  as  on  intangible  factors 
associated  with  research  productivity  and  growth  potential* 
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Questions  for  Dr.  Donald  N.  Langenberg 


1.  It  now  appears  highly  likely  that  the  size  of  the  pie  from  which  all  feder- 
al research  support  .must  come  will  remain  fixed  In  the  foreseeable  future, 
or  only  expand  slightly.  If  that  Is  the  case  where,  within  that  total  re^ 
search  budget,  can  we.  In  your  opinion,  make  mcdest  decreases  In  funding 
levels  In  order  to  provide  the  resources  for  the  needs  of  the  Infrastruc- 
ture at  the  universities? 


I.    Under  the  assumption  that  total  federal  funding  for  University  research 
will  remain  essentially  constant,  I  would  support  a  general  all-agency 
increase  of  funding  for  infrastructure  needs.    This  would  obviously  have 
to  occur,  given  the  assumption,  at  the  expense  of  other  programs.  Within 
the  resource  pool  available  for  non-infrastructure  needs,  I  think  it  is 
essential  to  continue  to  apply  the  criteria  presently  used  by  the  R&D  fund- 
ing agencies,  rather  than  target  particular  areas  to  assume  the  full  cost  of 
intrastructure  funding.    The  need  is  very  real,  in  my  opinion  of  the  highest 
priority,  and  broadly  distributed  across  the  science  and  engineering  disci- 
plines and  the  universities  which  foster  them.    The  burden  of  meeting  the 
need  should  be  spread  correspondingly  broadly. 

In  both  cases  of  Infrastructure  need  which  have  received  special  attention 
+hfJ5!S+  fe*  y°ars'  Instrujoentatlon  and  buildings,  the  problem  has  been 
presented  In  terms  of  crisis  suddenly  being  upon  us.  How  could  this  occur 
without  anyone  In  either  the  universities  or  the  government  science  agen- 
cies detecting  that  a  gradual  decline  was  taking  place? 
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One  oppt-oach  to  the  federal  role  in  providing  support  for  research  Infra- 
str.icture  needs  Is  to  put  In  place  Individual,  categorical  programs  In 
response  to  the  needs  In  each  area*  We  already  had  special  programs  In 
several  government  .departments  addressed  to  the  Instrumentation  needs  and 
the  supercomp;itor  needs.  Should  we  expect  a  proliferation  of  such  cate- 
gorical programs  every  few  years,  or  has  the  tine  come  to  find  a  more  com- 
prehensive solution  to  ail  Infrastructure  needs? 


3.    It  is  always  time  to  seek  comprehensive  generic  solutions  to  problems. 
In  the  ess?  of  the  infrastructure  problem,  the  possibility  of  finding  such 
a  solution  is  certainly  worthy  of  pursuit.    Unfortunately,  however,  identi- 
fication and  adoption  of  such  a  solution  would,  in  my  view,  require  that 
the  lederal  government  take  an  unprecedented  step.    It  would  have  to  em- 
brace publicly  and  explicitly  the  notion  that  it  has  a  long-term  interest 
in  the  health  and  vitality  of  the  nation's  research  universities.  That 
would  be  a  position  radically  different  from  the  government's  present  stance 
of  turning  to  the  research  universities  for  research  and  other  services 
mainly  on  a  selective  case-by-case  basis.    Since  I  doubt  the  federal  govern- 
ment would  be  either  willing  or  able  to  nake  such  a  radical  shift  of  posi- 
tion', I  believe  problem-oriented  programs,  i.e.,  categorical  programs,  are 
the  only  practical  solution.    They're  not  ideal,  they  don't  go  to  the  root 
of  the  matter,  but  they  work,  after  a  fashion,  and  they're  better  than 
nothing. 


♦  Do  you  have  any  thoughts  on  the  suggestion  that  use  charges  be  based  on 
significantly  shorter  life  times,  for  example,  that  Instead  of  basing 
building  use  charges  on  a  50-year  life  (equal  to  2%  per  year),  they  be 
based  on,  say,  25  years  (A%  per  year  use  charge). 


4.  Yes,  and  it's  a  simple  thought.    The  practical  lifetime  of  a  research 
laboratory  building  doesn't  remotely  approach  50  years.    Its  steel  frame 
or  Its  concrete  floors  may  survive  long,  but  as  an  environment  for  state- 
of-the-art  research  it's  not  likely  to  go  more  than  20  years  without  need- 
ing major  changes.    The  government  needn't  rely  upon  an  academic  for  such 
a  judgment.    It  need  only  consider  what  kind  of  research  It  was  supporting 
in  1935,  and  where  It  was  being  performed,  and  compare  that  past  with  the 
present.    Changing  use  changes  to  a  shorter-life  basis  would  be  no  more 
than  a  recognition  of  reality. 

5.  A  witness  suggested  recently  that  "For  most  of  the  decade  of  the  1970's  and 
Into  the  early  1980's  the  universities  themselves  behaved  largely  as  depen- 
dents of  the  government,  abdicating  their  responsibility  for  Infrastructure 
and  biding  their  time  until  Federal  facilities  programs  were  resumed.0  In 
your  view,  can  anything  be  done  to  bring  about  a  change  In  this  attitude  on 
the  part  of  the  universities?* 

5.  Yes,  but  It  won't  be  easy.    This  academic  would  be  among  the  first 

to  concede  that  our  research  universities,  with  a  few  exceptions,  have  not 
recognized  and  accepted  the  implications  of  their  accession  to  research 
university  status  and  their  consequent  partial  federalization.    In  my  answer 
to  Question  3,  I  suggested  that  the  federal  government  often  behaves  as  though 
It  still  thinks  It's  In  the  business  of  farming  out  research. in  micro-  and 
mini-projects  to  university  job  shops.    Hot  surprisingly,  in  response  the 
universities  behave  as  though  they  were  job  shops.    The  notion  that  both 
the  government  and  the  universities  are  committed  to  a  long-term  partner- 
ship cecms  to  have  scant  acceptance  on  cither  side.    Attitudes  on  both  sides 
can  be  changed,  but  like  any  change  in  basic  attitudes,  It'll  .take  a  lot  of 
time  and  effort,  backed  by  evidence  of  solid  commitment  on  both  sides. 
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.We  have  occasionally  had  suggestions,  from  the  GAO  and  others  that  all  or 
part  of  the  Indirect  costs  be  paid  to  the  university  on  the  basis  of  a 
fixed  percentage  of  the  direct  costs  rather  than  on  the  basis  of  detailed 
audits  and  negotiations.  In  your  opinion,  what  would  be  the  advantages  and 
disadvantages  of  such  a  fixed  percentage  rate  for  the  Indirect  cost  cover- 
age, and  specifically,  would  It  be  helpful  to  the  universities  In  giving 
Increased  flexibility  to  the  acquisition  of  the  Infrastructure  Items? 

6.    Whether  an  indirect  coat  rate  "fixed"  in  whole  or  in  part  would  have 
cay  advantage  would  depend  strongly  on  who  fixed  it  and  on  what  basis*  In* 
direct  costs, generally  are  real  and  necessary  costs  attendant  on  the  con- 
duct, of  research.    The  federal  government's  present  policy  of  reimbursing 
all  research-related  Indirect  costs  is,  in  my  view,  just  and  fair.  The 
persistent  problems  associated  with  indirect  costs  result  from  the  diffi- 
culties, of  identifying  and  justifying  research-related  indirect  costs  in 
the  academic  research  environment  where  re&earch  is  conducted  in  close  re- 
lationship with  other  functions.    In  such  an  environment,  some  elements  of 
research-related  indirect  costs  are  relatively  easily  Isolated  and  accounted 
for,  and  some  are  not.    The  most  prominent  example  of  the  latter  is  the  so- 
called  departmental  administration  cost.    .It  is  this  element  which  has  en- 
gendered the  debates  over  faculty  effort  reporting.    I  think  it  possible 
that  some  accommodation  might  be  reached  between  the  federal  government  and 
the  research  universities  in  which  the  departmental  administration  cost 
element  night  be  "fixed"  by  mutual  agreement  in  exchange  for  the  elimina- 
tion of .effort  reporting  and  other  forms  of  detailed  accountability  with 
respect  to  this  cost  element.    Where  research-related  indirect  cost  ele- 
ments can  be  more  simply  identified,  they  should  be  so  identified  and  re- 
imbursed.   We  should  resist  the  temptation  to  cut  the  Gordlan  knot  by  pick- 
ing some  overall  indirect  cost  rate  out  of  a  hat  and  "fixing"  it.  Whether 
that  rate  were  high  or  low,  it  would  be  wrong  for  at  least  one  partner  in 
the.  government-university  partnership  and  give  rise  to  continuing  strains 
in  the  relationship. 

There  is  no  necessary  connection  between  a  fixed  indirect  cost  rate  and 
"increased  flexibility  to  the  acquisition  of  the  infrastructure  it*ms." 
If  the  government  and  the  universities  could  agree  on  realistic  infra- 
structure use  charges  and  on  a  mechanism  for  allocating  then  to  future 
infrastructure  acquisitions,  the  indirect  cost  system  could  provide  a  long- 
term  solution  for  at  least  part  of  the  infrastructure  problem,  as  implied 
by  Question  3.    However,  such  a  mechanism  would  obviously  increase  indirect 
cost  rates  significantly.    A  great  deal  of  political  groundwork  would  have 
to  be  done  both  in  the  government  and  in  the  universities  to  make  this 
palatable. 

Apart  from  the  question  of  the  effective  life  of  buildings,  laboratories, 
and  equipment,  to  what  extent  have  the  universities  been  setting  aside  the 
use  ch^Tg»o  as  reserves  against  future  replacement  needs? 

7.    In  the  absence  of  good  information  about  the  practices  of  universities 
other  than  my  own,  I  really  can't  answer  this  question  adequately.  However, 
T  'loubt  chat  a  careful  study  would  reveal  that  most  universities  have  been 
setting  aside  use  charges  in  reserve  against  future  infrastructure  needs. 
If  that  is  the  case,  I  would  agree  that  this  is  a  failing  which  ought  to  be 
corrected  in  any  future  reform  of  the  indirect  cost  systen..    I  would  assent, 
however,  that  it  is  an  understandable  failing  given  the  absence  of  any  real 
correspondence  between  presently  allowable  use  charges  and  the  real  costs 
of  recurring  infrastructure  needs. 
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An  estimate  by  tho  government  auditors  of  Indirect  costs  suggests  that  over 
the  period  1972  -  1984  a  total  of  just  over  $1  bill  Ion  was  provided  In  use 
charges  to  the  universities.  To  what  extent  can  we  account  for  the  appl  I- 
catlon  of  those  funds  to  construct  new  buildings,  and  can  we  expect  those 
charges  In  the  future  to  provide  a  significant  fraction  of  the  traded  funds 
for  that  purpose? 

8.    I  suspect  It  would  be  very  difficult  to  establish  a  one-to-one  relation- 
ship between  use  charges  provided. over  the  1972-84  period  and  new  building 
construction  during, that  period.    As  for  the  future,  the  following  order- 
of-magnitude  estimate  suggests,  to  ce  at  lecst,  that  reimbursed  use  charges 
at  the  rate  estimated  for  the  1972-84  period  would  provide  only  &  very 
small  fraction  of  the  real  needs.    There  are  between  50  and  100  universi- 
ties In  "this  country  with  substantial  levels  of  federally  funded  research. 
At  the  1972-84,  rate  that  Implies  use  charges  In  the  neighborhood  of  $1-2 
million  per  year- per  university.    My  experience  In  two  universities  suggests 
that  the  annual  recurring  cost  for  maintenance,  renovation,  and  replacement 
of  research  facilities  exceeds  that  level  by  a  factor  approaching  ten I 


You  suggested  that  the  funding  of  university  Infrastructure  needs  be  done 
on  the  basis,  of  matching  funding  by  the  Federal  Government.  What  other 
sources  do  the  universities  have  to  match  the  federal  funds? 

9.  The  other  sources  are  state  tax  funds  (available  In  most  cases  only  to 
public  universities),  and  gifts  from  private  donors,  either  direct  or  via 
endowment  income  resulting  from  prior  gifts.    In  a  properly  designed  use 
charge  system,  it  might  be  possible  to  derive  matching  funds  from  the  sale 
of  bonds  backed  by  tho  promise  of  future  use  charge  income.    The  latter 
would,  'f  course,  simply  transfer  most  of  the  cost  to  the  federal  government, 
spreading  it  over  many  years. 

How  can  wo,  In  your  view,  ensure  that  tho  financial  contribution  of  the 
Federal  Gover resent,  If  It  Is  done  a  project  funding,  does  not,  In  effect, 
serve  as  a  disincentive  to  the  other  partners.  Including  Industry,  the 
states,  and  private  donors,  to  contribute  financial  I y? 

10.  There  is  really  no  way  to  ensure  that;  there  are  no  absolute  guarantees 
in  life.    However,  I  would  suggest  that  any  federal  fears  on  that  score  can 
be  allayed  by  looking  &t  the  actions  cf  Industry,  the  states,  and  private 
donors  in  recent  years.    In  the  face  of  reasonably  stable,  if  not  munifi- 
cent, federal  support  for  university  research,  Industry  has  been  increasing 
its  support  for  university  research  at  a  faster  rate  than  any  other  contribu- 
tor.   This  has  certainly  happened  in  part  because  the  universities,  driven 
by  the  need  for  more  dollars  than  the  federal  government  can  provide,  have 
been  pursuing  Industry  support  more  aggressively.    But  I  am  convinced  that 

it  has  also  happened  because  both  tK«  universities  and  Industry  have  become 
more  aware  of  the  Importance  of  stronger  university-Industry  linkages,  and 
because  the  federal  government  has  found  ways  to  encourage  these  In  many 
of  its  own  programs.    Many  states,  in  greater  awareness  of  the  connection 
between  their  economic  development  and  their  research  universities,  have 
initiated  new  research  support  programs.    One  example  is  the  Benjamin 
Franklin  Partnership  in  Pennsylvania.    Finally,  gifts  from  private  donors 
have  been  increasing  at  a  substantial  rate  across  the  country.    If  the 
federal  government  can  avoid  slaughtering  these  several  golden  geese  In 
the  cousre  of  reforming  its  tax  law,  I  would  anticipate  no  abatement  in 
these  trends.    In  short,  while  I  expect  the  federal  government  to  continue 
to  provide  the  majority  of  the  support  for  university  research,  absent 
major  course  changes,  I  see  no  reason  to  fear  that  the  other  patrons  of 
university  research  will  use  the  federal  government's  participation  as  an 
excuse  to  abdicate  their  responsibilities. 


THE  FEDERAL  GOVERNMENT  AND  THE 
UNIVERSITY  RESEARCH  INFRASTRUCTURE 


Financing  and  Managing  University  Research 
Equipment 


THURSDAY,  SEPTEMBER  5,  1985 

House  op  Representatives, 
Committee  on  Science  and  Technology, 

Task  Force  on  Science  Policy, 

Washington,  DC. 

The  task  force  met,  pursuant  to  call,  at  9:30  a.m.,  in  room  2318, 
Rayburn  House  Office  Building,  Hon.  George  E.  Brown,  Jr.,  presid- 
ing. 

Mr.  Brown.  If  we  may  get  underway  here,  we  will  be  able  to  get 
our  business  taken  care  of. 

The  chairman,  Mr.  Puqua,  regrets  that  for  personal  reasons,  per- 
sonal matters  will  keep  him  away  from  the  hearing,  at  least  for  a 
portion  of  the  morning.  He  has  asked  me  to  substitute  for  him 
briefly. 

I  would  like  to  get  you  warmed  up  by  making  brief  opening  re- 
marks, if  I  may. 

In  the  late  1970*8,  the  research  community  in  this  country 
became  aware  that  a  gradual  and  apparently  widespread  deteriora- 
tion in  university  research  instrumentation  was  going  to  take 
place.  In  spite  of  earlier  assumptions  that  funds  for  such  equip- 
ment was  routinely  being  provided  as  grant  moneys,  the  instru- 
mentation base  was  said  to  be  in  danger  of  becoming  seriously  out- 
dat^I.  In  particular,  it  was  noted  that  researchers  in  American  in- 
dustry *  ^re  much  better  equipped  and  that  in  some  cases  industry 
was  unhappy  with  recent  Ia.D.  graduates  that  they  hired  from 
many  universities  because  they  had  received  their  training  on  obso- 
lete research  equipment. 

At  that  time,  about  5  or  6  ye^rs  ago,  very  little  in  the  wsy  of 
hard  solid  data  was  available  about  the  current  status  and  future 
needs  of  research  instrumentation.  The  Government  agemies  and 
the  committees  of  Congress  were  forced  to  respond  based  on  scat- 
tered anecdotal  evidence,  and  there  was  no  way  of  knowing  how 
good  the  situation  actually  was.  Nor  was  there  available  any  care- 
ful analysis  to  the  extent  to  which  the  Federal  Government's  re- 
sponse was  meeting  20  percent  or  80  percent  of  the  actual  need  for 
new  instrumentation. 
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Today  we  have  before  the  task  force  the  principal  authors  of  the 
first  m^jor  comprehensive  study  of  the  research  instrumentation 
question.  Jointly  funded  by  a  number  of  the  affected  Federal  agen- 
cies, it  was  conducted  by  three  of  the  leading  university  associa- 
tions: the  Council  on  Governmental  Relations,  the  National  Asso- 
ciation of  State  Universities  and  Land-Grant  Colleges,  and  the  As- 
sociation of  American  Universities. 

The  strengtli  of  this  study  is  its  comprehensiveness  and  its  basis 
in  data  and  data  analysis.  It's  comprehensive  in  that  it  covers  all 
the  sources  of  iratrumentation  funding,  including  not  only  the  Fed- 
eral. Government  but  also  State  governments  and  private  industry. 
It  also  covers  a  wide  variety  of  funding  mechanisms,  including  vari- 
ous forms  of  debt  funding.  Furthermore,  it  builds  on  previous,  more 
limited  studies  and  includes,  as  well,  data  from  a  series  of  field 
visits  made  by  the  members  of  the  study  team. 

I  will  note,  however,  that  the  study  may  also  suffer  from  some 
weaknesses.  It  was  conducted  by  the  organizations  and  through 
interviews  with  many  individuals  who  themselves  have  a  strong 
and  direct  interest  in  research  and  research  instrumentation.  It's 
also  clear  that  the  study  raises  a  number  of  important  questions  to 
which  answers  are  not  totally  obvious.  Nevertheless,  we  look  for- 
ward to  today's  testimony  and  discussion,  and  we  welcome  the  dis- 
tinguished panel  members  of  the  Task  Force  on  Science  Policy. 

Mr.  Lujan. 

Mr.  Lujan.  Thank  you,  Mr.  Chairman. 

I  don't  have  an  opening  statement.  I  am  pleased  to  be  here  this 
morning  to  listen  to  those  who  were  responsible  for  putting  out  this 
excellent  report.  I  do  think  it's  excellent,  and  I  look  forward  to 
hearing  from  all  of  you.  Thank  you,  Mr.  Chairman. 

Mr.  Brown.  Thank  you,  Mr.  Liyan. 

Now,  we  will  hear  from  the  task  force:  Richard  A.  Zdanis,  Ray  C. 
Hunt.  Mr.  Zdanis  is  vice  provost  of  Johns  Hopkins.  Mr.  Hunt  is 
vice  president  for  business  and  finance  at  the  University  of  Virgin- 
ia and  Praveen  Chaudari,  vice  prssident,  science  and  director, 
Physical  Sciences  Department  of  the  IBM  Corp.,  accompanied  by 
Mr.  Milton  Goldberg,  executive  director  of  the  Council  on  Govern- 
mental Relations,  and  Ms.  Suzanne  Woolsey,  partner,  Coopers  & 
Lybrand. 

We  are  pleased  to  have  you  all  here.  You  start  first,  Dr.  Zdanis,  I 
believe. 

STATEMENT  OF  DR.  RICHARD  A.  ZDANIS,  VICE  PROVOST,  THE 

JOHNS  HOPKINS  UNIVERSITY,  BALTIMORE,  MD 
Dr.  Zdanis.  Thank  you,  Mr.  Chairman. 

I  appreciate  this  opportunity  to  appear  before  you  as  chairman  of 
the  steering  committee  that  directed  the  newly  published  report 
Financing  and  Managing #  University  Research  Equipment  My  col- 
leagues and  I  hope  to  outline  for  you  the  findings  and  recommenda- 
tions of  our  study  and,  of  course,  we  will  be  happy  to  answer 
questions. 

As  you  have  noted,  the  events  which  bring  us  here  today  began 
in  the  early  1970*8  when  the  problem  of  maintaining  and  replacing 
modern  research  equipment  was  noted  in  American  universities, 
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and  these  problems  are  now  acknowledged  to  be  severe  Let  me 
quote  a  few  statistics  from  the  National  Science  Foundation's  Na- 
tional Survey  of  Academic  Research  Instruments.  The  Survey  covers 
the  vears  1982  and  1983,  and  it  shows  in  part  that  72  percent  of  the 
academic  d^artment  heads  .surveyed  said  that  there  was  lack  of 
instalments  which  was  preventing  critical  experiments.  Twenty 
percent  of  the  universities' inventories  of  scientific  equipment  were 
obsolete  and  are  no  longer  useful  for  research  purposes.  Twenty-two 
ifercent  of  the  mstrument  systems  in  use  in  research  were  more  than 
10  years  oldr  Only  52  percent  of  the  instruments  in  use  were  reported 
to  Ke  in  excellent  working  condition.  Forty-nine  percent  of  the 
department  heads  surveyed  said  that  the  instrumeiit-support  serv- 
ices, such  as  machine  electronic  shops,  were  of  poor  quality  or 
nonexistent 

.  I  think  you  will  agree  that  these  conditions  are  not  what  the 
Nation  must  have.  To  some  degree,  this  situation  was  created  by 
scientific  and  technical  progress.  Rapid  gains  in  the  productivity 
and  sensitivity  of  research  instruments  have  been  accompanied  by 
the  higher  costs  of  buying  and  operating  and  maintaining  these 
pieces  of  equipment..  The  cost  of  acquisition  has  outpaced  inflation. 
The  same  progress  that  brought  us  greater  capability  of  instru- 
ments has  also  shortened  their  useful  lives.  For  i5  years,  the  funds 
from  all  sources  for  research  equipment  has  not  met  the  needs  cre- 
ated by  rising  costs  and  more  limited  useful  lives. 

An  Interagency  Working  Group  on  Research  Instrximentation— 
composed  of  several  officials  of  the  National  Science  Foundation, 
the  National  Institutes  of  Health,  the  National  Aeronautics  and 
Space  s  Administration,  the  Departments  of  Agriculture,  Defense 
and  Energy— was  convened  in  the  early  1980's  to  coordinate  action 
on  this  problem. 

The  states,  industry  and  universities  themselves  launched  vari- 
ous initiatives.  Of  cenrse,  in  times,  of  limited  budget  in  which  we 
are  pleased  to  live,  its  of  utmost  importance  that  the  maximum 
use  be  made  of  the  funds  available,  and  the  Interagency  Working 
Group  approached  the  Association  for  American  Universities,  the 
National  Association  of  State  Universities  and  Land-Grant  Col- 
leges, and  the  Council  on  Governmental  Regulations,  and  asked  it 
to — asked  them  to  undertake  a  special  effort  to  identify  any  bar- 
riers which  may  prevent  the  most  expeditious  acquisition  of  equip- 
ment and  to  document  new  and  innovative  financing  mechanisms 
which  might  exist  for  replacing  and  refurbishing  the  research 
equipment. 

The  three  associations  undertook  the  study  that  we  are  reporting 
on  today,  and  it's  important  to  note  that  funds  for  this  study  were 
contributed  by  the  six  Federal  agencies  represented  on  that  Inter- 
agency Working  Group  as  well  as  the  research  corporation.  A 
steering  group  of  scientists  and  administrators  from  the  academic 
community  and  industry  was  established  to  direct  the  study,  and 
orisite  interviews  were  conducted  at  university  and  industrial  lab- 
oratories as  well  as  national  laboratories  and  extensive  interviews 
on  reviews  of  legislation  at  both  Federal  and  State  levels.  The 
report  of  the  field  research  team  by  three  experience!  science  ad- 
ministrators reflected  meetings  with  more  than  500  individuals  at 
23  university,  developmental,  and  industrial  laboratories.  The  firm 
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of  Coopers  &  Lybrand  also  did  field  work  in  addition  to  extensive 
literature  review  in  its  report  on  debt  financing  and  tax  aspects. 
These  reports  and  other  information  developed  by  the  three  asso- 
ciations were  combined  into  our  final  report.  In  general,  we  exam- 
ined the  Federal  and  State  regulations,  practices,  and  management 
practices  within  the  universities,  and  the  sources  of  funding  mecha- 
nisms for  instruments.  We  have  26  recommendations  directed  at 
each  of  these  sectors.  In  addition,  we  reached  the  comprehensive 
conclusion,  and  that  I  will  quote  from  the  summary  of  our  report: 

Many  actions  can  be  token  that  clearly  would  enhance  the  efficiency  in  acquisi- 
tion of,  management,  and  use  of  research  equipment  by  universities.  .  .  .  The  over- 
all problem  is^so  large,,  however,  that  it  can  not  be  properly  addressed  without  sub- 
stantial, sustained  investment  by  all  sources—federal  and  state  governments,  uni- 
versities, and  the  private  sector. 

Let  me  take  a  moment  to  emphasize  "sustained  investment."  Be- 
cause of  the  relatively  short  lifetime  of  adequate  research  equip- 
ment'.these  days,  it's  important  that  an  investment  strategy  be  de- 
veloped -?dnch  ~rill  be  sustained  over  time  to  address  this  problem 
and  any  solution  must  recognize  this  costly  fact. 

Let  me  turn  to  the  role  of  the  Federal  Government.  There  are 
five  topical  sections  in  our  report,  and  the  Government,  as  the  task 
fora  well  knows,  is  the  leading  fiinder  of  academic  research. 

The  potential  impact  of  Federal  regulations  on  efficiency  in 
buying  and  managing  equipment  is  correspondingly  large.  We 
looked  at  the 'Federal  regulations  and  the  two  basic  circulars  which 
undeigird  the  purchase  of  equipment,  A-21  and  A-110.  In  addition, 
there  are  the  Federal  acquisition  regulations,  and  each  of  these  cir- 
culations may  be  supplemented  by  agency  regulations.  Only  certain 
parts  of  those  circulars  apply  to  scientific  equipment. 

We  find  few  barriers  that  contribute  to  the  problems  directly 
within  the  language  of  the  regulations;  however,  the  difficulty  is  in 
interpretation  arid  application  of  those  regulations  by  the  Federal 
agencies.  Interpretations  vary  from  agency  to  agency,  from  region 
to  region  within  the  country,  within  the  same  agencies,  and  from 
time  period  to  time  period.  So  that,  in  this  swirl  of  uncertainty, 
university  management  is  forced  to  be  very  conservative,  and  it's 
so  conservative  as  to  be  inefficient  at  times,  we  believe. 

So,  therefore,  we  believe  as  a  first  step  that  the  heads  of  the  Fed- 
eral agencies  should  issue  internal  policy  statements  designed  to 
reinforce  their  commitment  to  the  overall  goal  of  assuring  the  effi- 
cient acquisition  and  maintenance  of  research  equipment.  Today 
we  discuss  global  goals.  What  is  the  acquisition  of  research  equip- 
ment throughout  the  Nation,  throughout  all  of  the  Federal  agen- 
cies? However,  on  a  daily  basis,  the  management  is  done  on  a  pro- 
gram-by-program basis.  The  success,  promotional  performance  and 
evaluation  is  on  a  program-by  program  basis.  It's  not  clear  that  the 
sum  of  all  those  local  optimizations  of  each  program  necessarily  is 
the  same  as  the  global  optimizations  of  the  acquisition  of  research 
instrumentation  across  the  Nation.  It  would  help  considerably  to 
have  statements  that  would  encourage  action  at  tne  programmatic 
level  to  adhere  to  global  policies  that  we  believe  are  proper  for  the 
Nation. 

This  we  are  going  to  talk  about— commingling  of  funds  and  use 
of  equipment  by  multiple  projects,  that  is  across  agencies,  across 
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particular  tasks,  and  those  are  decisions  that  are  difficult  for  pro- 
gram administrators  to  .take  unless  they  have  an  overall  guiding 
statement  Ithat,  yes,  this  is  part  of  the  action  that  we  believe  is  de- 
sirable for  :Kis  agency  by  the  agency  head. 
,To  be  more  specific,  and  , addressing  some  other  points  of  Federal 
barriers,,  the  costs  of  a  full  functioning  piece  of  research  equipment 
are  riot  Always  considered  in  an  orderly  manner.  The  full  costs  in- 
clude space  renovation,  installation,  service  contracts,  operation 
and. maintenance,  and  technical  support,  in  addition  to  the  initial 
purchase  price.  Federal  agencies  should  consider  the  full  costs  of 
the jgquipment  in  research  awards  and  insure  they  will  be  covered 
either  by  the  research  award  itself  or  by  the  recipient  as  a  condi- 
tion^ of  that  award.  In  programs  that  require  university  contribu- 
tion for  matching  funds  toward  acquisition  of  instruments,  we  be- 


stallatioh  and  maintenance  as  matching  funds. 

Individual  research  awards,  the  backbone  of  the  Federal  basic  re- 
search support,  usually  are  not  large  enough  to  accommodate 
equipment  of  more  than  modest  cost.  Investigators  often  will  have 
more  than  one  award  but  have  difficulty  combining  funds  from  dif- 
ferent awards  to  buy  equipment.  To.  ease  this  problem,  we  recom- 
mend that  Federal  agencies  encourage  the  sharing  of  support  for 
equipment  across  award  and  agency  lmes.  We  also  recommend  that 
they  adopt  procedures  that  make  it  easier  to  spread  the  cost  of  the 
equipment  charged  directly  to  research  p  x>ject  awards  over  several 
award  years. 

Many  universities  are  unable  to  recover  costs  of  non-federallv 
funded  equipment  used  in  conducting  federally-sponsored  research 
on  a  timely  basis.  This  famous  circular,  A-21,  permits  universities 
to  recover  these  costs  through  an  annual  use  allowance  of  6%  per- 
cent. At  this  rate,  the  full  cost  is  not  recovered  for  15  years.  Histori- 
cally, that  was  not  an  unreasonable  recovery  rate  because  of  the 
then  useful  life  of  this  research  equipment.  However,  today,  state- 
of-the-art  equipment  may  have  a  realistic  life  which  is  5  years  or 
less.  Circular  A-21  also  permits  universities  to  recover  the  cost  of 
non-federally  funded  equipment  by  depreciating  it  over  a  realistic 
lifetime,  and  it  permits  them  to  change  from  the  use  allowance  to 
the  depreciation  formula.  However,  when  universities  make  the 
switch,  auditors  of  the  Department  of  Health  and  Human  Services 
have  permitted  recovery  as  if  the  equipment  has  always  been  de- 
preciated. For  example,  if  a  piece  of  equipment  purchased  with  uni- 
versity funds  had  a  useful  life  of  5  years  and  was  8  years  old  when 
the  switch  in  accounting  procedures  took  place,  20  percent  of  the 
cost  would  have  been  Tecovered  under  use  allowance;  40  percent 
would  be  recovered  under  depreciation  in  future  years.  However, 
the  university  would  never  recover  40  percent  of  the  cost  simply 
because  it  had  changed  accounting  procedures.  This  practice  is  a 
major  disincentive  to  universities  to  invest  their  own  funds  in  re- 
search equipment  which  will  be  used  on  federally-sponsored  re- 
search. 

Less  troublesome  is  the  uncertainty  surrounding  recovery  of  in- 
terest on  money  that  universities  borrow  externally  to  finance 
equipment.  Circular  A-21  states  that  interest  is  an  allowable 
charge  to  Federal  awards  at  the  discretion  of  the  funding  agency. 
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Approval  is  required  for  each  purchase,  and  there  are  instances 
when  even  before  the  fact,  agency  acceptance  in  principle  has  been 
obtained.  When  specific  purchases  have  been  asked  to  allow  the 
charge  to  be  put  into  the  indirect  cost  pool,  the  approval  has  been 
denied.  We  believe  that  universities  should  not  be  subject  to  this 
flexibility  of  this  decisionmaking,  arid  OMB  should  revise  this  cir- 
cular to  make  it  an  allowable  charge. 

Policies  regarding  title  to  equipment  yary.among  agencies.  Those 
who  wish  to  combine  university  funds  with  Federal  funds  to  buy  an 
instrument  are  uncertain,  about  where  the  title  will  reside.  It's  es- 
pecially true  where  research  is  funded  by  contracts  rather  than 
grants,  and  we  recommend  that  all  Federal  agencies  invest  title  to 
equipment  in  the  universities  upon  acquisition. 

The  management  of  research  equipment  is  also  complicated  by  a 
number  of  paper  working  rules  that,  are  embodied  in  Circulars  A- 
21  and  A-110.  The  thresholds  at  which  documentation  needs  to  be 
retained  are  unrealistically  low,  and  they  are  inconsistent  between 
these  two  circulars.  We  recommend  that  they  be  raised  to  a  realis- 
tic level,  and  that  will  prevent  the  abuses  that  might  occur  in  mul- 
tiple purchases  of  equipment.  That  may  occur,  but  it  will  reduce 
the  paperwork  considerably. 

Circular  A-110,  for  instance,  requires  that  the  university  inven- 
tory be  researched  to  prevent  duplicative  purchases  at  a  $300 
threshold— an  unrealisticly  low  point.  We  recommend  the  screen- 
ing levels  be  raised  considerably.  The  screening  levels  have  been 
negotiated  at  a  $10,000  level,  but  on  a  university-by-university 
basis.  This  is  again  one  of  the  uncertainties  of  dealing  with  the 
multitude  of  agencies  and  actors  within  agencies  where  one  univer- 
sity zstay  be  allowed  to  keep  an  inventory  and  do  the  screening  at  a 
$10,000  level  when  a  neighbor  or  good  institution  is  not  given  that 
privelege. 

We  recommend  that  the  Department  of  Defense  discontinue  its 
requirement  that  the  inventory  of  the  Defense  Industrial  Plant 
Equipment  Center  be  screened  for  scientific  equipment  which  is  re- 
quested by  universitites  before  new  equipment  is  purchased.  We 
found,  in  the  course  of  our  study,  no  piece  of  equipment  that  could 
be  identified  which  was  acquired  via  this  screening. 

The  last  of  our  recommendations  in  the  Federal  area  involves 
the  prior  agency  approvals  for  various  actions  under  research 
grants  and  contracts.  These  requirements  can  significantly  delay 
equipment  transactions.  Certain  prior  approval  authorities  are  del- 
egated to  universities  under  the  Institutional  Prior  Approved 
System  of  the  NIH  and  the  Organizational  Prior  Approved  System 
of  NSF.  These  two  systems,  among  other  benefits,  reduce  the  turn- 
around time  on  requests  from  weeks  to  days,  and  the  savings  can 
permit  the  university  to  take  advantage  of  timely  purchase  price 
discounts  an<?  other  special  arrangements.  We  recommend  that 
these  systems  which  have  proved  themselves  in  the  field  be  adopt- 
ed by  other  Federal  agencies. 

Thank  you  for  this  opportunity  to  present  this  material,  and  I 
would  now  like  to  turn  to  Ray  Hunt. 

[The  prepared  statement  of  Dr.  Zdanis  follows:] 
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Mr,  Coalman  and  Bombers  or  the  Task  Force  on  Science  Policy: 

My  natie  la  Richard  Zdanla,  and  X  as  Vice  Provost  of  the 
Johns  Hopkins  University*    X  appreciate  this  opportunity  to 
appear  before  you  ae  obalraan  of  tbo  steering  ooaaltteo  thet 
directed  the  newly  published  study  "Financing  snd  Managing 
University  Research  Equipment."    My  colleagues  and  X  will  outline 
for  you  the  findings  snd  reooaaendationa  of  our  study  and  will  be 
happy  to  answer  questions.    A  suaaary  of  the  study  Is  sttscbed  to 
ay  written  testiaony.    Ve  understand  tbst  the  national  Science 
Foundstlon  has  distributed  the  full  report  to  the  Coaalttee. 

With  ae  todsy  sre  two  other  aeabcrs  ?f  our  steering  coaalt- 
tee, Prsveen  Chaudbarl  of  IBM  and  Hay.  Hunt  of  the  University  of 
Virginia.     Also  with  ae  sre  Milton  Ooldberg  of  the  Council  on 
Governmental  Eolations.  Suzanne  Voolsey  of  Coopers  &  Lybrand, 
Patricia  Varren,  Project  Manager,  snd  John  Crowley,  Director  of 
Federel  Relations  for  Science  Research  of  the  Association  of 
Aaerloen  Universities.     The  Council  with  the  Association  of 
Aaerloan  Universities  and  the  National  Assoclstlon  of  State 
Universities  end  Land-Grant  Colleges  were  the  organizers  of  our 
study,  snd  Coopers-  &  Lybrand  helped  us  with  the  debt-financing 
and  tax-related  aspects. 

The  events  that  bring  us  here  began  in  the  early  1970s,  when 
U.S.  universities  began  to  experience  probletas  aalntalnlng  snd 
replacing  aodern  research  equlpaent.     These  probleas  *re  now 
widely  acknowledged  es  extremely  severe.    The  situation  tbreetens 
the  quality  of  our  acadealc  science  as  well  es  the  quality  of 
education  of  new  scientists  snd  engineers.    Let  ae  cite  just  a 
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few  statistics  froa  the  National  Soiar.ce  Foundation*  s  National 
Survey  of  Acadevic  Sesearch  Instruaents.    The  survey  covers  the 
y.ars  1982  and  1983*    It  shows  in  pert  that: 

o       72$  of  academic  departaent  hi-ada  surveyed  said  that 

laok  of  equlpaent  ves  preventing  critical  experiaents. 
o       20$  of  universities4  inventories  of  solentlflo  equlp- 
aent was  obsolete  and  is  no  longer  useful  for  research, 
o       22$  of  instrument  systeas  in  use  in  reaearoh  were  aore 

than  10  years  old* 
o       Only  52$  Of  inatruaenta  in  use  were  reported  to  be  in 
exoellent  working  condition. 

0  H$S  of  dej>artaent  heads  surveyed  said  that  instruaent- 
support  servioes-- such  as  aaohlne  and  electronlos 
shops— were  of  poor  quality  or  nonexistent. 

1  think  you  will  agree  that  the  condition  of  research 
instruaentatlon  available  to  universities  is  not  what  we  aust 
have.    To  soae  degree,  this  situation  was  created  by  solentlflo 
and  technical  progress*    The  repld  gains  in  the  productivity  and 
sensitivity  of  reseeroh  instruaents  has  been  aocoopanled  by 
higher  oosts  for  buying,  operating,  and  maintaining  then.  The 
costs  of  acquisition  have  well  outpaced  inflation.     The  saae 
progress  that  Lea  brought  greater  capability  to  Instruaents  has 
also  shortened  their  useful  lives.     Instruaents  today  aay  be 
superseded  by  better  ones  in  five  years  of  less.     Pinally»  for 
aore  than  15  yeara,  funda  froa  all  souroes  for  research  equlpaent 
have  riot  aet  the  needs  created  by  rising  costs  and  shrining 
useful  lifetiaea. 
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Major  efforts  to  east  tha  universities'  dlffloultlaa  with 
research  aqulpaant  began  In  tha  early  i960**    An  Interagency 
Working  Group  on  reaeerch  inatruaentation— ooaposed  of  aeveral 
officiale  or  the  National  Science  Foundation,  the  National 
Xnetltutea  of  Heelth,  the  National  Aeronautics  and  Space  Adaini- 
•tMtlon,  end  the  Departaents  of  Agriculture,  Defense,  and 
Energy-- wae  convened  to  coordinate  action  on  this  problea.  The 
etatee,  Induatry,  and  the  unlveraltlea  theaselvea  elao  launched 
varioua  Inltletlvea.    Theee  developments  have  helped,  but  the 
equipment  problea  hee  by  no  scans  been  solved. 

Federel  end  aoadealo  offioisla,  of  course,  were  well  aware 
that  with  Halted  budgets  evallable  it  was  of  utaoat  laportan.ee 
thet  these  funds  be  u».ed  as  efficiently  aa  possible*     In  July 
1982,  the  Interagency  Working  Group  asked  the  Aaeoclatlon  of 
Aaerioan  Universities,  the  Nstlonsl  ASaoolstlon  of  Stste  Univer- 
sities end  Land-Qrant  Collegea.  end  the  Council  on  Covernaa^tal 
Beletlona  to  undertake  a  special  effort  to  identify  eny  barriers 
that  aay  prevent  the  aoat  expeditious  acqulaltlon  of  aqulpaant  and 
to  doour ;nt  new  and  effective  financing  and  aanageaent  techniques 
for  aoadealo  reaeeroh  eQulpaent« 

The  three  associations  jointly  undertook  the  atudy  we're 
reporting  on  today,    Funde  for  the  study  were  provided  by  th#  six 
federal  egenolee  represented  on  the  "^teragency  Working  Group  as 
well  es  the  Sesesroh  Corporation.    A  Steering  Coaalttee  ooaposed 
of  aolentlata  end  adalnlatretors  /roa  both  the  eoedealo  coaaunity 
and  induatry  was  estebllahed  to  dir.tot  the  study.     On  witc 
interviews  were  conduoted  at  university  and  industrial  lebcra- 
tories  as  well  as  extensive  reviews  of  legisletion  and  regulation 
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•t  both  the  federal  and  atate  levels.     The  report  prepared  by  i 
field  research  cean  of  t*ree  experienced  science  adnlnlatratora 
reflected  meetings  with  more  than  500  individuals  end  23  univer- 
sity, governaentel  end  industrial  laboratories.     The  fira  of 
Coopers  and  Lybrand  ilso  did  field  work  in  addition  to  an 
extensive  literature  review  for  its  report  on  debt  rinanoing  and 
tax  aspects.     These  reports  and  other  information  developed  by 
the  three  assoolatlons  were  ooablned  in  our  final  report. 

In  general,  we  examined  federal  and  state  regulations  and 
praotioea,  management  prsotlces  in  universities,  and  souroes  and 
aeohanlsBS  of  funding.     Ve  have  26  recommendatlona  directed  to 
the  federal  and  state  governments,  the  universities,  and  the 
private  sector.     In  addition,  ve  also  reached  one  coaprehenslve 
conclusion,  and  I  yin  quote  it  froa  the  suaaary  of  our  report: 
Many  actions  can  be  taken  that  clearly  vould 
enhance  efficiency  in  the  acquisition, 
aanageaent.  and  use  of  research  equipaent  by 
universities. ..The  oversll  problem  is  so 
large,  however,  that  it  cannot  be  properly 
addressed  without  substantial,  sustained 
investment  by  sll  sources — federal  and 
state  governments,  universities,  and  the 
privste  sector. 

1  would  like  to  eaphaaize  the  words  "sustained  investment." 
Laboratories  in  most  sciences  oust  now  be  reequipped  approxi- 
mately every  five  years  to  remain  competitive  in  researoh.  Any 
effective  approach  to  maintenance  of  a  competitive  research 
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environment  suet  recognise  this  costly  fact* 

Let  ae  now  turn  to  the  role  of  the  federal  government,  Che 
first  of  the  five  topical  sections  of  our  study.     The  governnent, 
aa  the  Task  Force  yell  knows,  Is  the  leading  funder  of  acadealc 
research*    Federal  agencies  account  for  nearly  two-thirds  of  the 
funds  spent  annually  to  buy  acadealc  research  equipment.  The 
potential  lapact  of  federal  regulations  on  efficiency  In  buying 
and  aanaglng  equlpaent  Is  correspondingly  large* 

The  basic  federal  regulations  that  we  assessed  are  Office  of 
Managrrient  and  Budget  Circulars  A-21  and  A-110  and  the  Federal 
Acquisition  Regulations*    Circulars  A-21  and  A-110  apply  to 
researct  granta,  and  Circular  A-21  and  the  FAB  apply  to  research 
contracts*    These  regulations  aay  he  suppleaented  hy  agency 
rules*    Only  certain  parts  of  t^ea  apply  to  scientific  equlpaent* 

Ve  find  that  few  of  the  basic  federal  regulations  contrlhute 
directly  to  prohleas  with  equlpaent*    The  difficulties  arise 
aainly  froa  che  interpretation  and  application  of  tUe  regulations 
by  federal  agencies*    Interpretations  vary  from  agency  to  agency 
froa  region  to  region*  and  froa  tlae  period  to  tlae  period*  This 
Inconsistency  leads  universities  to  adopt  unnecessarily  conserva- 
tive aanageaent  practices,  which  further  complicate  equlpaent 
prohleas*    Ve  think  changes  can  be  Bade  that  would  auch  laprove 
efficiency  in  dealing  with  equipment  without  going  against  the 
purpose  of  the  regulations— insuring  accountability  for  public 
funds. 

As  a  first  step,  we  recoaaerd  that  the  heads  of  federal 
agencies  that  support  acadealc  research  Issue  internal  policy 
stateaents  designed  to  reinforce  their  coaaltaent  to  the  overall 
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goal  of  assuring  the  efficient  acquisition  and  nanageaent  of 
research  equipment*    Today  we  are  discussing  global  goals  for  the 
nation  and  universities,  but  on  a  dally  ba3ls  decisions  are  made 
at  the  project  level  and  performance  appraisal  Is  conducted  on  a 
by-prograa  basis*    Soae  of  the  recommendations  we  sake  advocate 
the  comlngllng  of  runds  and  the  use  of  equlpaent  by  multiple 
projects*    Agency  statements  that  these  actions  are  to  be 
encouraged  would  be  a  major  help  In  providing  guidance  at  the 
program  level*    Ve  also  recommend  actions  aimed  at  certain 
specific  barriers* 

One  of  these  barriers  Is  that  federal  agencies — and  states 
and  universities  as  well— do  not  provide  for  the  i«ll  costs  of 
functioning  research  equipment  in  an  orderly  manner*    These  full 
costs  may  Include  space  renovation,  Installation,  service  con- 
tracts, operation  and  maintenance,  and  technical  support  *n 
addition  to  Initial  purchase  price.    Federal  agencies  should 
connlder  the  full  costs  of  equlpaent  In  research  awards  and 
Insure  that  they  will  be  covered  either  by^the  research  award 
Itself  or  by  the  recipient  as  a  condition  of  the  award*  In 
programs  that  require  the  university  to  contribute  matching  funds 
toward  the  acquisition  of  Instruments,  the  agencies  should  accept 
universities'  payment  of  costs  such  as  installation  and  main- 
tenance aa  matching  funds* 

Individual  research-project  awards,  the  backbone  of  rederal 
support  for  basic  research,  usually  are  not  large  enough  to 
accommodate  equipment  of  more  than  modest  cost*  Investigators 
often  will  have  more  than  one  award,  but  the>  have  difficulty 
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combining  funds  froa  different  awards  to  buy  equipment*    To  ease 
this  problea  we  recoaaend  that  federal  agencies  encourage  the 
sharing  of  support  for  equipaent  across  avard  and  agency  lines* 
Ve  aiao  recoaaend  that  they  adopt  procedures  that  aalce  it  easier 
to  spread  the  coat  of  equipaent  charged  directly  to  research- 
project  av.trda  over  several  award  years. 

Many  universities  are  unable  to  recover  the  cost  of  nonfed- 
erally  funded  equipaent  used  in  conducting  federal  sponsored 
research,  on  a  tiaely  basis*     0MB  Circular  A-21  peraits  universi- 
ties to  recover  these  costs  through  an  annual  use  allowance  of  6 
2/3  percent  of  acquisition  cost.    At  tt^s  rate,  full  coat  ian«t 
reoovered  for  at  least  15  years.    Hiatoricslly,  this  was  not  an 
unreasonable  recovery  rate  but  today  the  realistic  life  of  state* 
of-the«srt  equipaent  aay  be  five  yearj  or  less.     Circular  a-21 
also  peraita  universities  to  recover  the  cost  of  nonfederally 
funded  equipaent  by  depreciating  it  over  a  realistic  lifetiae,  and 
it  peraits  then  to  change  froa  use  allowance  to  depreciation. 
But  when  universities  aaf-j  the  switch,  auditors  of  the  Departaent 
of  Health  and  Human  Services  only  perait  recovery  as  if  the 
equipaent  had  been  depreciated.    For  exaaple,  if  a  piece  of 
equipaent  purchased  with  university  funds  had  s  useful  life  of  5 
years,  and  was  3  years  old  when  the  switch  in  cccouating  took 
place  20$  of  the  cost  of  the  equipaent  would  have  been  recovered 
under  use  allowance.    40$  will  be  recovered  uoder  depreciation  in 
future  years.    The  university  will  never  recover  40$  of  the  cost 
siaply  because  it  changed  acoounting  procedures*    This  practice 
la  a  aajor  disincentive  to  univeraitiea  own  inveataenta  in 
research  equipaent  used  for  federally  sponsored  research.  We 
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have  recoaaended  that  this  practice  be  :hangftd  to  peralt  full 
recovery* 

Also  troublesoae  la  the  uncertainty  surrounding  Recovery  of 
Interest  on  aoney  that  unlveraltles  borrow  externally  to  finance 
equlpaent.     Circular  A-21  statea  that  the  Intereat  Is  an  allow- 
able charge  to  federal  awards,  at  the  discretion  of  the  funding 
agency*    Approval  la  required  for  each  purchaae  and  even  wjien 
agencies  have  approved  the  concept  In  principle  Intereat  aay  not 
be  allowed  on  specific  purchases.     Ve  believe  OMB  should  revise 
Circular  A~21  to  sake  such  Intereat  unequivocally  an  allowable 
coat.    University  officials  vho  are  uncertain  about  reccrering 
Intereat  are  reluctant  to  consider  debt  financing  aa  a  aechanlsa 
for  updating  equlpaent* 

Policiaa  regarding  titi*  to  equlpaent  vary  aaong  agenciea. 
Investigators  or  adalnlatratora  aay  wish  to  coabine  university 
funds  with  federal  funds  to  buy  an  instrument,  but  without 
assurance  of  title  they  aay  be  unable  to  do  so*    This  is  espe- 
cially true  where  research  is  funded  by  contracts  rather  than 
grants*    Ve  recoaaend  thst  all  fecersl  agencies  vest  title  to 
equlpaent  in  the  university  upon  acquisition* 

Manageaent  of  research  equlpaent  by  universities  is  coapll- 
cated  by  certain  proviaions  of  OHB  Circulars  A-21  and  A-110.  The 
Circulara  preacrlbe  capitalization  thresholds  that  are  unr  iu8. 
ticslly  low  and  also  different— $500  in  A-21  and  $300  in  A-110. 
Universities  auat  aaintain  equlpaent  inventories,  and  these  would 
be  alapler  to  aanage  if  the  capitalization  thresholds  were  raised 
and  aade  uniform.    Ve  recoaaend  a  threshold  of  $1000— this  level 
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would  likely  halve  the  nuaber  of  Items  In  the  typical  university 
inventory  of  capital  equipment  while  retaining  80?  o  the  coablned 
value* 

Circular  A- 1 1 0  requires  universities  to  avoid  buying  dupli- 
cate equipment,  which  is  Interpreted  to  mean  that  they  Bust 
screen  their  inventories  before  purchase*     We  learned  that  the 
$300  threshold  requires  a  great  deal  of  screening  for  equipaent 
that  isn't  econoalcal  to  share*     Higher  screening  levels  have 
"been  negotiated,  and  we  recoaaend  that  0MB  set  the  ainiaua  at 
$10,000*    it  one  university  we  visited,  that  level  accounted  for 
3*2%  of  the  pieces  of  equipaent  in  the  Inventory  bought  in  1983 
and  5G£  of  the  dollar  value* 

Ve  also  recoaaend  that  the  Departaent  of  Defense  discontinue 
its  requlreaent  that  the  inventory  of  the  Defense  Industrial 
Plant  Equipaent  Center  (DIPEC)  be  screened  for  scientific  equip- 
aent requested  by  universities  before  new  equipaent  is  irchased* 
We  found  no  one  in  the  course  of  our  study  who  could  identify  any 
research  equipaent  acquired  via  DIPEC  screening. 

The  last  or  our  recommendations  on  federal  regulations 
involves  the  prior  agency  approvals  required  for  various  actions 
under  research  grants  and  contracts*     These  requlreaents  can 
significantly  delay  equipaent  transactions*     Certain  prior- 
approval  authorities  are  delegated  to  universities  under  the 
Institutional  Prior  Approval  System  (IPAS)  of  KIH  and  the 
Organizational  Prior  Approval  System  (OPAS)  of  HSF.     IPAS  and 
OPAS,  among  other  benefits,  reduce  turnaround  time  on  requests 
froa  weeks  to  days*     The    aving  can  perait  the  university  to  take 
advantage  of  tiaely  price  discounts  or  other  special  arrange* 
aents*    We  recoaaend  that  these  systems  be  adopted  by  oth^r 
federal  agencies* 

Again,  I  appreciate  the  opportunity  to  appear  before  you 
tcday  on  this  iaportant  iritter.     lou  will  hear  next  froa  Bay  Hunt 
of  our  steering  cooaittee. 
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Mr.  Brown.  Dr.  Hunt. 

STATEMENT  OF  DR.  RAY  C.  HUNT,  JR.,  VICE  PRESIDENT  FOR 
BUSINESS  AND  FINANCE,  UNIVERSITY  OF  VIRGINIA,  CHAR- 
LOTTESVILLE, VA 

Dr.  Hunt.  *  Ir.  Chairman,  members  of  the  task  <hrce,  today  I  will 
briefly  give  you  the  ideas  that  we  have  developed  during  the  re- 
search instrumentation  project  on  the  roles  of  States  and  universi- 
ties relative  to  scientific  equipment.  I  will  also  touch  briefly  on  the 
subject  of,debt  financing. 

The  ^NSF  study  mentioned  earlier  found  that  Svates  directly 
funded  5  percent  of  the  aggregate  cost  of  instruments  in  use  in  the 
academe  in  1982  and  1983.  States  also  pay  for  equipment  indirectly 
through  tax  benefits.  On  the  other  hand,  the  States  oiten  hamper 
the  purchase  and  use  of  equipment  through  regulations  and  restric- 
tions on  schools*  financial  flexibility.  These  activities  aoply  mainly 
to  public  universities.  Private  institutions  rarely  have  access  to 
State  funds,  and  they  are  virtually  exempt  from  State  controls  on 
equipment,  except  when  they  use  State  borrowing  authority. 

The  States'  broad  roles  as  funder  and  regulator  of  scientific 
equipment  in  public  universities  are  inherently  in  conflict  to  some 
degrees.  Nevertheless,  we  think  they  could  combine  these  roles 
more  rationally  in  ways  that  would  help  the  schools  with  their 
equipment  problems.. 

The  Spates  are  not  going  to  replace  the  Federal  Government  as 
the  major  funder  of  academic  research  equipment.  But  we  do  think 
they  should  look  carefully  at  their  direct  support  for  scientific 
equipment  in  both  the  public  and  private  institutions,  relative  to 
support  from  other  sources.  Judicious  and  highly  selective  in- 
creases iu  State  funding  could  be  most  helpful  to  the  scientific  stat- 
ure of  the  States  and  could  also  make  Federal  and  industrial  funds 
more  effective. 

We  also  recommend  that  States  give  their  universities  more  lati- 
tude in  handling  funds.  W«  think  that  institutions  should  be  per- 
mitted such  acti6ns  as  transferring  fimds  among  budget  categories 
and  carrying  funds  forward  from  one  fiscal  period  to  the  next.  A 
fiscal  period  typcially  is  1  or  2  years.  The  added,  flexibility  would 
clearly  make  the  universities  better  able  to  deal  with  problems  of 
research  equipment.  We  also  think  greater  flexibility  would  save 
money  in  the  purchasing  process  and  permit  academic  administra- 
tors to  do  their  jobs  more  effectively. 

Tax  benefits  specified  in  the  Economic  Recovery  Tax  Act  of  1981 
are  available  to  equipment  donors  in  34  States  simply  because  their 
tax  codes  follow  the,  Federal  code.  Relatively  few  States  have  adopt- 
ed tax  benefits  designed  to  fit  their  particular  circumstances.  We 
think  the  States  should  examine  the  use  of  their  taxing  powers  tc 
foster  both  academic  research  and  modernization  of  the  equipment 
it  requires. 

State  procurement  controls  also  need  attention.  In  general,  we 
think  they  should  be  revised  to  suit  the  unusual  nature  of  scientific 
equipment.  Such  equipment  should  be  exempt  from  purchasing  re- 
quirements designed  for  generic  items  like  batteries  and  cleaning 
materials,  wb3re  brand-to-brand  differences  may  be  insignificant. 
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Each  university  should  have  the  authority  to  buy  scientific  equip- 
ment without  having  rules  imposed  beyond  those  of  Federal  agen- 
cies: 

We  recommend  that  States  consider  revising  their  controls  on 
debt  financing  so  as  to  help  public  universities  acquire  scientific 
equipment.  It  would-  be  helpful  if  debt  financing  could  be  used  to 
buy  equipment  independently  of  construction  projects,  which  now 
is  not  generally  the  case.  It  would  also  bo  helpful  to  recognize  that 
scientific  equipment  may  need  to  be  replaced  in  only  a  few  years, 
although  acquir^i  as  part  of  a  construction  project  financed  for  30 
years* 

Finally,  we  think  that  schools  ought  to  be  permitted  to  lease  re- 
search equipment  for  periods  longer  than  the  1-  or  2-year  state 
budget  period  to  which  they  are  now  often  held.  This  restriction 
limits  the  institutions'  ability  to  arrange  advantageous  leases. 

The  universities  themselves,  public  and  private,  funded  about 
one-third  of  m$jor  instrumentation  systems  in  use  in  1982  to  1983, 
according  to  NSF.  The  schools  deal  with  scientific  equipment  in 
many  ways  in  addition  'to  tho  conduct  of  research.  They  fund  equip- 
ment from  their  own  resources,  from  gifts  they  solicit,  and  from 
various  forms  of  debt  financing;  they  handle  the  purchasing  proc- 
ess; they  pay  part  or  alt  of  the  costs  of  operation  and  repair,  they 
maintain  equipment  inventories;  they  help  to  optimize  the  sharing 
of equipment  by  investigators;  and  they  handle  disposal  of  equip- 
ment no  longerneeded  or  useful: 

Given  this  degree  Of  involvement,  one  would  expect  to  find  oppor- 
tunities to  improve  efficiency,  and  we  did.  The  measures  we  be]  neve 
would,  help  suggest  that  universities  individually  ought  to  consider 
a  more  centralized  approach  than  is  now  common  in  their  acquisi- 
tion and  management  of  research  equipment  I  might  point  out 
that  other  pressures  also  appear  to  bo  pushing  the  schools  toward  a 
more  centralized  approach  in  their  operations  in  general  >  These 

Sressures  include  the  growing  interest  in  debt  financing  and  joint 
evelopmeht  efforts 'with  State  governments  and  industry. 
We  concluded  that  universities  should  plan  their  allocation  of  re- 
sources morie  systematically  to  favor  research  and  research  equip- 
ment in  subject  areas  that  offer  them  the  best  opportunities  to 
achieve  distinction.  In  other  words,  we  recommend  that  universi- 
ties engage  in  more  intense  strategic  planning  with  participation 
by  both  administrators  and  faculty.  Hard  decisions  may  be  re- 
quired as  a  result  of  conscious  strategic  planning,  but  we  rtiink 
thev  are  needed  to  optimize  the  use  of  fluids  available. 

We  also  recommend  that  universities, budget  more  realistically 
for  the  costs  of  operating  and  maintaining  research  equipment.  As 
you  heard  earlier,  we  think  that  Federal  agencies  can  help  to  en- 
courage realistic  budgeting  through  practices  associated  with  their 
research-award  procedures.  Lack  of  operating  and  maintenance 
costs  are  serious  and  pervasive  problems  at  universities,  and  lack 
of  planning  for  the  full  costs  of  research  equipment  is  much  too 
common.  User  charges  are  often  assessed  to  cover  maintenance  and 
the  costs,  to  support  staff,  but  they  can  rarely  be  set  at  a  high 
enough  level  to  recover,  full  costs. 

You  also  heard  earlier  that  individual  research  awards  cannot 
usually  accommodate  costly  equipment.  We  believe  that  Federal 
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agencies  should  make  it  easier  to  spread  the  costs  of  equipment 
charged  directly  to  awards  over  several  awe^d  years.  We  also  rec- 
ommend that  university  administrators  and  investigators  more  ag- 
gressively seek  agency  approval  to  do  so. 

Umverstties  could  facihtate  timely  acquisition  of  research  equip- 
ment at  optimum  post  by  working  to  minimize  dolays  and  other 
problems  caused  Jby  procurement  procedures.  The  .piirchasing  proe- 
ms, as^  scud  , earlier  in  regard  to  the  role  of  the  States,  ought  to  be 
aHapted  to  the  Specialized  nature  of  the  research  equipment.  Spe- 
cialized purchasing  entities  or  individuals  can  help.  We  also  recom- 
mend formal  programs  to  explain  to  purchasing  personnel  and  in- 
vestigators the  needs  and  problems  of  each.  , 

We  believe  that  universities  should  also  consider  establishing  in- 
ventory systems  that  facilitate  sharing  of  equipments  investiga- 
tors. The,  inventory  systems  encountered  by  our  field  research  team 
were  not  generally  useful  for  this  purpose,  with  one  exception— the 
inventory  set  up  by  the  Research  Equipment  Assistance  Program 
IxlEAP]  at  Iowa  State  University.  The  REAP  inventory  contains 
only  research  equipment.  The  program  may  not  be  costreffective 
for  all  universities,  but,  we  think  that  most  of  them  would  find 
parts  of  it  useful..  * . 

Another  point  touched  on, earlier  is  the  choice  of  use  allowance 
or  depreciation  to  generate  funds  for  replacing  equipment.  We  rec- 
ommend that  depreciation  be  used  because  the  ninds  in  principle 
can  be  generated  pver  the  useful  life^rather  than  the  unrealistic  15 
years  required^  by  the  use  allowance.  This  recommendation  pre- 
sumes that  universities  can  negotiate  realistic  depreciation  sched- 
ule arid  dedicate  the  funds*  to  purchase  of  equipment.  You  will 
recall  that  costs, can  be  recovered  by  use  allowance  or  depreciation 
only  for  hon-federally  }funded  equipment.  I  should  also  add  that 
both  methods  add  to  the  indirect  costs,,  which  are  always,  under 
pressure  to  be  reduced  and  are  particularly  contentious  between 
academic  adriiinistrators  and  investigators. 

We  also  recommend  that  universities  look,  for  better  and  more 
systematic  ways  to  facilitate  internal  transfer  of  equipment  from 
investigators  and  laboratories  that  no  lorger  need.it  to  those  that 
could  use  it.  Faculty  at  . most  schools,  have  no  incentive  to  transfer 
equipment,  except  for  the  need  for  space,  and  every  incentive  to 
hang  on  to  it,,  just  in  case  there  is  a  future  need. 

Univeraities,  as  you  know,  have  long  used  tax-exempt  debt  to  pay 
for  maior  facilities.  In,  more  recent  time  they  have*  been  using  this 
method  to  some  extent  to  buy  research  equipm3nt.  We  believe  they 
should  explore  greater  use  of  tax-exempt  debt  for  this  purpose,  so 
long  as. proper  attention'  id  given  to  the  long-term  consequences  of 
debt.  A  basic  requirement  when  assuming  debkis  a  reliable  stream 
of  income  to  pay  it  off/This  commitment  of  funds  cuts  into  the  uni- 
versity's flexibility  in  responding  to  new  and  unanticipated  oppor- 
tunities. Also,  c|ebt  financing  obviously  increases  the  overall  cost  of 
scientific  equipment  to  both  the  universities  and  the  external  spon- 
sors of  research.  . 

We  recommend  that  universities  develop  their  own  expertise  on 
leasing  and  debt  financing.  Outside  counsel  will  still  be  needed  to 
issue  mcy'or  debt,  but  institutions  should  be  able  to  determine  the 
true  costs  of  debt  financing  and  make  this  expertise  and  related  in- 
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formation  readily  accessible  to  research  administrators  and  to  prin- 
cipal investigators.  The  increasing  complexity  and  variety  of  debt 
financing  procedures  and  instruments— for  any  purpose— make  it 
essential  that  universities  fully  understand  the  marketplace. 

I  wish; to  , thank;  you  for  your  attention.  The  third  member  of  our 
steering  committee  here  today  is  Praveen  Chaudhari  who  will  con- 
clude our  presentation  on  the  research  instrumentation  project. 

[The  prepared  statement  of  Dr.  Hunt  follows:] 
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Mr.  Cheiraan  and'aembera  of  the  Teak  Force: 

Z  •■Hey  Hunt,  end  Z  an  Vice  Prealdent  for  Business  and 
Finance  at  tha  University  of  Virginia*    Today  Z  will  briefly  give 
you  the  Ideas  ve  developed  during  the  research  instrumentation 
project  on  tha  roles  of  states  and  universities  relative  to 
scientific  equipaant.     Z  will  also  touch  on  debt  financing  of 
equipaant. 

Tha  HS?  study  aantlontd  earlier  found  that  the  states 
directly  funded  5%  of  tha  aggregate  coat  of  inatruaenta  in  tae  in 
eoedeaa  in  1982-83.    Stetaa  also  pay  for  equlpaent  indirectly 
through  tex  benefits.    On  the  other  hnui,  tha  states  often  haaper 
tha  purchase  and  uae  of  equlpaent  through  regulations  and 
restrictions  on  schools*  financial  flexibility.    These  activities 
apply  aainly  to  public  universities.    Private  institutions  rerely 
have  accass  to  stata  funds,  and  they  are  virtually  except  froa 
state  control*,  on  equipaant,  except  when  they  use  stete  borrowing 
authority. 

The  states'  broad  roles  as  funder  and  regulator  of  scien- 
tific equlpaent  in  public  universities  are  inherently  in  confli  t 
to  soae  degree.    Havt:theless,  we  thinx  they  could  coobine  these 
roles  aore  rationally  in  ways  that  would  help  the  schools  with 
their  equlpaent  problems. 

Tha  utatea  are  not  going  to  replace  the  federel  governaent 
as  the  aajor  funder  of  aoadeaio  research  equlpaent.    But  we  think 
thay  should  loox  carefully  at  their  direct  support  for  scientific 
equlpaent  in  both  public  and  privete  institutions,  relativa  to 
support  froa  other  sources.     Judicious  and  highly  selaotiva 
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incraaaea  in  state  funding  could  he  aoat  helpful  to  the  scien- 
tific stature  or  the  states,. an.4  could  also  B£*e  federal  and 
induatrial  funds  more  effective* 

We  also  recoaaend  that  ststes  give  their  universities  aore 
latitude  in  handling  funds*    We  think  that  .institutions,  should  be 
peraltted  auch  aotlons  aa  tranaferring  funds  aaong. budget  cate- 
gories and  oarjrylng  funda  forward  froa  one  f iscsl  period  to  the 
next*    A  f  iaoal  period  typically  la  .one  or  two  y%aro.    the,  added 
flexibility  would  clearly  a  a  Ice  the  unlvarsltlee  hotter  ahle.  co 
deal  with tprohloaa  of  research  equlpaent*    We  also  think  greater 
flexibility  would  »ave  aoney  in  the  purohaalng  proceae  and  perait 
acadeuio  adalnlstrstors  ;to  do  their  ^ohs  aore  efficiently* 

Tax  benefits  specified  in  the  Econoalo  Secovery  Tax  Act  of 
1981  are  available  to  ejqulpaent  doners,  in  3*  states  whose  tsx 
oodes  afctoaatlcKlly  follow  the  federal  code.    Relatively  few 
states  have  sdopted  tsx  heneflts  designed  to  fit  their  psrticulsr 
oirouastsnces*    Ve  thlak  the  ststes  should  exsaine  the  use  of 
their  taxing  powers  to  foster  hoth  sesdeale  reaearoh  and. aoderni- 
zatlon  of  the  equlpaent  it  requires* 

State  procureaent  controls  also  need  Attention*     In  general, 
we  th.'^k  they  should  he  revised  to  suit  the  unusual  nsture  of 
scientific  equlpaent*    Such  equlpaent  should  he  exeapt  froa 
purohaslng  requlreaenta  designed  for  generio  iteaa  like  hatterlea 
and  oleanlng  aaterlals,  where  hrand-to-hrand  £lfferenoea  aay  5e 
Insignificant*    Esoh  university  should  have  the  authority  to  huy 
solentlflc  equlpaent  without  having  rules  lapoaed  heyond  those  of 
federal  agenolea  that  fund  .equlpaent* 
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Wa  reoo'aaend  that  states  oonslder  revising  their  controls  on 
debt  financing  so  as  to  help  public  universities  aoqulra  solan- 
tlflo  equlpaent*    It  would  ba  ttelpful  if  dabt  financing  could  ba 
ttaad  to  buy  equlpaent  independently  of  construction  projects, 
which  now  la  not  generally  the  case*    It  would  also  ba  nalpful  to 
reoognlxe  that  scientific  equlpaent  aay  need  to  ba  replaced  In 
oaly  a  rev  yeara,  'although  acquired  aa  part  of  a  construction 
project  financed  :by  30-year -<tebt.    Finally,  we  think  that  schools 
ought  to  be  ""permitted  to  lease  research  equlpaent  for  periods 
longer?  >'th  an  the  one--  or  two-year  state  budget  period  to  vhloh 
they  are  now -often  held*    Thia  restriction  Halts  the  institu- 
tions1 ability  to  arrange  advantageous  leasts. 

The' unlveraltlea  theaselves,  public  and  private,  funded 
about  one-third  of  aajor  lnatruaehtatlon  systeas  In  use  In  1982- 
03 »  according  to  H3F*    The  schools  deal  with  scientific  equlpaent 
In  a  any  ways  in"  addition  to  the  conduct  of  research.    They  fund 
equlpaent  froa  their  own  resources^  froa  gifts  they  solicit,  and 
froa  various  foras  of  debt  financing;  they  handle  the  purohaslng 
process;    they  pay  part  or  all  of  the  costs  of  operation  and 
repair;  they  aalntaln  equlpaent  inventories;  they  help  to  opti- 
alse  the  sharing  of  equlpaent  by  investigators;  and  they  handle 
disposal  of  equlpaent  no  longer  needed  or  useful* 

Olven  this  degree  of  lnvolveaent,  one  would  expeot  to  find 
opportunltlea  to  laprove  efficiency,  and  we  did*     The  measures  ve 
bellere  would  help  suggest  that  universities  individually  ought 
to  oonslder  a  aore  centralized  approach  than  is  now  cooaon  in 
their  acquisition  and  aanageaent  of  research  equlpaent*    I  alght 
point  out  that  other  pressures  also  appesr  to  be  pushing  the 
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aohoola  toward  •  iort  centralized  approach  in  tbsir  operations  In 
general*    Theae  preaaurea  inoludt  tba  growing  Intaraat  in  debt 
finanoing  and  joint. developaent  af forta  wltb  atata  governments 
and  induttry- 

Va  ooroludtd  tbat  unlvaraltlaa  should  plan  tbalr  allocation 
of  raaouroaa  aort  ayattaatioally  to  favor  rtatarob  and  raaaarob 
equlpaent  In  aubject  areas  tbat  offar  thai  tba  baat  opportunltlaa 
to  achieve  dlatlnotlon*    In  otbar  ko?43,  wa  reooaaend  tbat 
unlvaraltlaa  engage  >m  aort  inttnat  atra    gio  planning,  with 
participation  by  botb  adainistra tors  and  faoulty.    Hard  daolalona 
■ay  ba  required  aa  a  raault  of  oonaoloua  streteglo  planning,  but 
wa  think  they  art  needed  tc  optiaise  tba  uaa  of  tna  funda 
available* 

Va  also  recoaaend  tbat  unlvaraltlaa  budgat  aora  realisti- 
cally for  tixi  ooata  of  operating  and  aalntainlng  raaaarob 
equlpaent.    Aa  you  beird  earlier,  wa  tblnk  that  fedaral  aganolea 
can  balp  to  ancouraga  raallatlo  budgeting  through  praotloea 
associated  wltb  tbalr  reaearoh*»award  procedures*    Lack  of  oper- 
ating and  aalntenanoe  ooata  kre  aarloua  and  ptrvaalve  probleaa  at 
unlvaraltlaa*  and  laok  of  planning  for  tba  full  ooata  of  raaaarob 
equlpaent  la  auob  too  ooaaon*    Uaer  obargaa  are  often  aaaeaaed  to 
oover  aalntenanoe  and  tbe  ooata  of  support  staff*  but  they  can 
rarely  be  set  blgb  enough  to  recover  full  coats. 

Xou  alao  beard  earlier  that  Individual  reaearoh  awarda 
oannot  usually  aoooaaodate  costly  equlpaent*    While  we  believe 
tbat  federal  agenolea  abould  sake  It  eaaler  to  apread  the  ooata 
of  equlpaent  charged  dlreotly  to  awarda  over  aeveral  award  years, 
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we  also  recommend  that  university  administrators  and  Investiga- 
tors more  aggressively  seek  aj>~"      approval  to  do  ,  so. 

Universities  could  facilitate  timely  acquisition  of  research 
equipment  at  optimum  cost  by  working  to  minimize  delays  and  other 
•problems  caused  by  procurement  procedures.     The  purchasing 
process,  as  X  said  earlier  In  regard  to  the  role  of  the  states, 
ought  to  be  adapted  *to,  the  specialized  nature  of  the  equipment*. 
Specialized  purchasing  entitles  or  Individuals  can  help.     Ve  also 
reoommend  formal  programs  to  explain  to  purchasing  personnel  and 
Investigators  the  needs  and  problems  of  each, 

Ve  believe  that  universities  also  should  consider  establish- 
ing inventory  systems  that  facilitate  sharing  of  equipment  by 
Investigators.    The  Inventory  systems  enoountered  by  our  field- 
research  team  were  not  generally  useful  ror  this  purpose,  with 
one  exception— the  Inventory  set  up  by  the  research  equipment 
assistance  program  (REAP)  at  Iowa  State  University.     The  REAP 
Inventory  contains  only  research  equipment.    The  program  may  not 
be  cost-effective  for  all  universities,  but  we  think  that  most  of 
then-would  find  parts  of  It  useful. 

Another  point  tc    )hed  on  earlier  Is  the  choice  of  use 
allowance  or  depredation  to  generate  funds  for  replacing  equip- 
ment.   He  reoommend  depreciation  because  the  funds  In  principle 
oan  be  generated  over  the  useful  life  rather  than  the  unrealistic 
15  years  required  by  the  use  allowmce.     This  recommendation 
presumes  that  the  university  can  negotiate  realistic  depreciation 
schedules  and  dedicate  the  funds  to  equipment.    You  will  recall 
that  coats  can  be  recovered  by  use  allowance  or  depreciation  only 
for  nonfederally  funded  equipment.     I  should  add  that  both 
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netbods  add  to  Indirect  costs,  which  are  always  under  pressure  to 
be  reduced  and  are  psrtloularly  contentious  between  academic 
administrators  and  Investigators. 

Ve  also  recommend  that  universities  look  for  better  and  sore 

i 

systeaatle  ways  to  facilitate  Internal  transfer  of  equipment  from 
Investigators  and  laboratories  that  no  longer  need  It  to  those 
that  oould  use  It.    Faculty  at  sos*  schools  now  have  no  Incentive 
to  transfer  equipment,  except  the  need  for  space,  ard  every 
Incentive  to  bang  on  to  It,  just  In  cast. 

*       Universities,  as  you  know,  have  long  used  tax-exempt  debt  to 
pay  for  major  facilities.    Lately,  they  have  been  using  this 
oetbod  to  some  extent  to  buy  research  equipment.    Ve  believe  they 
should  explore  greater  use  of  tax-exempt  debt  for  this  purpose, 
so  long. as  proper  attention  Is  given  to  the  long-term  conse- 
quences.    A  .basic  requirement  when  assuming  debt  Is  a  reliable 
stream  of  Inooae  to  pay  It  off.    This  commitment  of  funds  cuts 
Into  the  university's  flexibility  In  responding  to  new  and 
unanticipated  opportunities.    Also,  debt  rinanclng  obviously 
increases  the  overall  cost  of  scientific  equipment  to  both  the 
universities  and  the  external  sponsors  of  research. 

Ve  recommend  that  universities  develop  their  own  expertise 
on  leasing  and  debt  finanoing  equipment.     Outside  counsel  will 
still  be  needed  to  issue  major  debt,  but  institutions  should  be 
able  to  determine  the  true  costs  of  debt  financing  and  make  this 
expertise*  and  related  information  readily  accessible  to  research 
administrators  and  principal  invea  igators.    The  increasing 
complexity  and  variety  cf  debt  financing  procedures  and  instru- 
aents — for  any  purpose— a~ke  it  essential  that  universities  fully 
understand  the  marketplace. 

Thank  you  for  your  attention.     The  third  member  of  our 
steering  ooamittee  here  today  is  Praveen  Chsudbari,  who  will 
oonolude  our  presentation  on  the  research  ins truaonta tlon 
project. 
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Mr.  Brown.  Dr.  Chaudhari,  could  we  ask  you  to  bear  with  us  for 
a  few  moments  while  we  go  over  and  answer  that  rollcall,  and  then 
we  will  come  back  and  continue. 

We  will  recess  briefly,  and  I  urge  all  the  members  to  return 
promptly. 

[Recess.] 

Mr.  Brown.  The  task  force  will  resume. 

We  will  call  on  Dr.  Chaudhari  to  proceed  with  his  portion  of  the 
statement. 

STATEMENT  OF  DR.  PRAVEEN  CHAUDHARI,  VICE  PRESIDENT, 
SCIENCE,  AND  DIRECTOR,  PHYSICAL  SCIENCES  DEPARTMENT, 
IBM  CORP.,  ARMONK,  NY 

Dr.  Chaudhari.  Mr.  Chairman  and  members  of  the  task  force, 
my  topic  is  private  support  for  academic  research.  Private  support 
for  higher  education,  as  the  data  compiled  by  the  Council  for  Fi- 
nancial Aid  to  Education  show,  has  more  than  tripled  from  1966 
through  1983  to  $5.15  billion.  Corporate  support  has  been  rising 
faster  than  other  private  funding  and  in  1983  comprised  21.4  per- 
cent of  the  total.  It  is  more  than  twice  as  likely  to  be  earmarked 
for  research  as  are  contributions  from  other  private  sources.  How- 
ever, corporate  sources  accounted  for  only  4  percent  of  the  total 
dollar  value  of  academic  equipment  in  1982-1983.  In  comparison, 
the  National  Science  Foundation's  survey  of  equipment  in  use  in 
1982-1983  shows  Federal  funding  accounts  for  54  percent,  universi- 
ty funding  for  32  percent,  State  governments  and  other  private 
support  for  5  percent  each,  of  the  total  of  approximately  $1.18  bil- 
lion. 

How  can  we  increase  private  support  for  academic  equipment? 
Before  answering  this  question  and  making  a  set  of  recommenda- 
tions, I  should  like  to  describe  to  you  what  we  have  learned  from 
our  own  survey  about  the  reasons  cited  for  corporate  support  of 
equipment,  the  limitations  on  such  support,  and  how  support  is 
provided. 

Equipment  is  provided  to  universities  by  corporations  on  a  chari- 
table or  discounted  basis  for  several  reasons:  to  help  sustain  the 
qualify  of  teaching  and  of  research;  to  expose  prospective  custom- 
ers to  their  products:  to  get  feedback  on  the  performance  of  their 
products  and  on  need  for  new  equipment;  and  to  maintain  good  re- 
lations with  faculty. 

Universities  are  a  msjor  market  for  scientific  equipment.  They 
are  also  a  major  source  of  research  results  n^cJed  by  designers  and 
makers  of  such  equipment.  These  companies  clearly  have  an  inter- 
est in  the  academic  world,  *  *t  theyafeo  have  an  inherent  conflict 
between  charitable  contributions  and  profit  making. 

Donations  of  equipmeiw  usually  do  not  cover  the  costs  of  renovat- 
ing space  and  installing,  operating,  and  maintaining  the  instru- 
ment donated.  These  expenses  can  be  a  significant  part  of  research. 

Universities  acquire  equipment  from  companies  in  many  ways. 
These  include  cash  gifts,  contract  research,  discounts  on  equipment 
sales,  industrial  affiliate  programs,  research  consortia,  informal 
loans  and  sharing  of  equipment,  and,  of  course,  outright  purchase. 
Donations  of  equipment  h:  recent  years  have  been  especially 
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common  in  computing,  microelectronics,  and  engineering.  Compa- 
nies often  use  discounts  and  flexible  payment  schedules  to  help 
universities  get  research  equipment.  One  manufacturer  visited  by 
the  field- research  team  used  a  two-for-one  discount  on  purchase  of 
new  equipment  to  generate  goodwill  and  to  start  a  series  of  infor- 
mal, exchanges  between  its  scientists  and  investigators  at  the  recip- 
ient school. 

We, found  that  the  tax  benefits  have  several  possible  effects.  The 
tax  situation  seems  to  influence  the  size  of  contributions.  Also,  a 
manufacturer  may  elect  to  sell  costly  equipment  to  a  university  at 
a  substantial  discount  rather  than  donating  it  outright..  Companies 
have  taken  this  tack  both  before  and  after  the  Economic  Recovery 
Tax  Act,  ERTA,  of  1981,  but  the  added  tax  benefits  under  the  act 
clearly  cqidd  affect  the  decision  to  sell  or  donate.  In  feet,  a  compa- 
ny that  makes  to  heip  a  university  get  qualified  research  equip- 
ment but  doesn't  wish  to  donate  it  outright  still  get  tax  bene- 
fits under  ERTA  by  means  of  a  bargain  sale— a  sale  for  less  than 
fair  market  value. 

The  Economic  Recovery  Tax  Act  of  1981,  as  the  task  force  knows, 
^vas  designed  tospur  technological  development.  The  act  provides 
special  charitable  deductions  for  scientific  equipment  given  to  a 
university  by  its  manufacturer.  It  also  provides  tax  credits  for  com- 

Eany  spending  on  research  and  development  conducted  inhouse  or 
y  universities  or  other  organizations.  The  R&D  tax  credit  is  sched- 
uled to  expire  at  the  end  cf  this  year. 

As  you  have  heard,  34  States  whose  tax  codes  follow  the  Federal 
code  have  adopted  the  provisions  of  ERTA.  Also,  as  of  the  comple- 
tion of  our  .study,  7'States,  including  some  of  the  34,  had  adopted 
various  additional  tax  benefits  designed  io  encourage  support  for 
research  and  research  equipment  at  universities. 

It  may  not  be  possible  to  assess  the  impact  of  ERTA  very  accu- 
rately, in  terms  of  eifher  the  R&D  tax  credit  or  equipment  dona- 
tions. As  you  know,  the  results  of  extensive  study  presented  during 
hearings  on  the  act  in  1984  provided  conflicting  evidence  of  its 
impact.  Nevertheless,  the  consensus  seems  to  be  that  ERTA,  espe- 
cially with  certain  modifications,  should  spur  technological 
progress  as  intended,  partly  by  encouraging  private  support  for 
academic  research  and  scientific  equipment.  We  agree  with  this 
view. 

Let  me  return,  now  to  the  question  of  how  can  we  increase  piri- 
yafe.  support  for  academic  research  and  for  equipment  in  particu- 
lar. We  recommend  that  universities  seek  donations  of  research 
equipment  more  aggressively.  Although  our  full  report  gives  the 
elements  of  a  donation  strategy  in  some  detail,  let  me  stress  a  par- 
ticular point  here.  We  believe  that  personal  involvement  of  aca- 
demic, researchers  with  the^r  counterparts  in  likely  donor  compa- 
nies is  essential  to  cultivating  the  relationships  needed  to  get  con- 
tributions of  research  equipment.  Quite  apart  from  donation  of 
equipment,  such  interactions  arc  desirable  for  exchange  of  techni- 
cal information  which,  in  turn,  enhances  technological  progress. 

We  recommend  several  modifications  to  ERTA. 

First,  we  propose  that  the  range  of  equipment  qualified  for  the 
charitable  donation  deduction  be  expanded  to  include  computer 
software,  e4uipment  maintenance  contracts  and  spare  parts,  equip- 
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ment  in  which  parts  not  made  by  the  donor  cost  more  than  50  per- 
cent of  the  donor's  cost  in  the  equipment,  and  used  equipment  less 
man  3  years  old.  Our  arguments  for  these  changes  are  as  follows. 
Computers  are  incomplete  without  software.  Maintenance  con- 
tracts are  valuable  because  keeping  equipment  in  repair  costs  so 
much  that  universities  have  sometimes  declined  donations  because 
of  the  maintenance  expense.  Companies  that  develop  and  make  sci- 
entific equipment  are  selling  primarily  their  technological  knowl- 
edge, not  their  ability  to  make  parts.  For  this  reason,  we  believe 
the  50  percent  limit  on  parts  not  made  by  the  donor  is  unrealistic. 

Next,  we  propose  that  the  R&D  tax  credit  be  made  permanent. 
We  also  recommend  that  the  credit  be  revised  to  create  a  special 
incentive  for  companies  to  support  research  in  universities.  As  it 
stands,  ERTA  gives  companies  the  same  incentive  to  contract  for 
research  in  academe  as  in  other  qualified  organizations. 

We  propose  further  that  the  social  and  behavioral  sciences  be 
made  qualified  fields  of  academic  research  in  terms  of  both  the 
equipment  donation  deduction  and  the  R&D  tax  credit.  Those  sci- 
ences contribute  to  the  applications  of  other  sciences  and  technolo- 
gy, and  social  and  behavioral  scientists  are  increasingly  using  in- 
struments in  their  research. 

Our  last  proposal  for  ERTA  is  that  research  foundations  that  are 
affiliated  with  universities,  but  rema^  separate  entities,  be  made 
qualified  recipients  of  equipment  donations  and  R&D  funding. 

That,  Mr.  Chairman,  concludes  our  presentation  and  the  results 
of  the  research  instrumentation  project. 

On  behalf  of  my  colleagues,  I  should  like  to  thank  you  once  again 
for  your  attention. 

[The  prepared  statement  of  Dr.  Chaudhari  follows:] 
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Mr.  Chalraan  and  gentleaen: 

I  as  Pravten  Chaudharl,  and  Z  ao  Vice  President  for  Science 
in  the  Research  Division  or  IBM.     My  topic  is  private  support  for 
acadealc  research  equlpnent. 

Private  support  for  higher  education,  as  the  data  coapiled 
by  the  Council  for  Financial  Aid  to  Education  show,  has  aore  than 
tripled  fron  1 966  through  1983  to  $5.15  billion.  Corporate 
support  has  been  rising  faster  than  other  private  funding  and  in 
1983  cooprlsed  21.4  per  cent  of  the  tota*.     It  is  acre  than  twice 
as  likely  to  be  eiraarlced  for  research  as  are  contributions  froa 
other  private  sources.    However,  corporate  sources  accounted  for 
only  4  per  cent  of  the  total  dollar  value  of  acadealc  equipaent 
in  1982*1983 .    In  coaparison,  the  National  Science  foundation's 
survey  of  equipaent  in  use  In  1982-1983  shows  federal  funding 
accounts  for  51  per  cent,  university  funding  for  32  per  cent, 
state  governaents  and  other  private  support  for  5  per  cent  each, 
02  the  total  of  approximately  $1.18  billion. 

Row  can  we  increase  private  support  for  acadealc  equipaent? 
Bet  ore  answering  this  question  and  Baking  a  set  of  recoaaenda- 
tlons,  I  should  like  to  describe  to  you  what  we  have  learned  froa 
our  own  survey  about  the  reasons  cited  for  corporate  support  of 
equipaent,  the  liaitations  on  such  support,  and  how  support  is 
provided, 

Equipaent  is  provided  to  universities  by  corporations  on  a 
charitable  or  discounted  basis  "or  several  reasons:    to  help 
sustain  the  quality  of  teaching  and  of  research,  to  expose 
prospective  custoaers  to  their  products,  to  get  feedback  on  the 
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performance  of  their  products  and  on  need  for  new  equipment,  and 
to  aalntaln  good  relations  with  faculty. 

Universities  are  a  major  Darket  for  scientific  equipment. 
They  are  also  a  major  source  of  the  research  results  neeOed  by 
designers  snd  Bakers  of  such  equlpoent.     These  companies  clearly 
hare  an  interest  in  the  academic  vorld,  but  they  also  have  an 
inherent  conflict  between  charitable  contributions  and  profit 
aaklng. 

Donations  of  equlpaent  usually  do  not  cover  the  costs  of 
renovating  space  and  installing,  operating,  and  maintaining  the 
Instruoent  donated.    These  expanses  can  be  significant. 

Universities  accuire  equipment  fron  companies  in  many  ways. 
These  include  saah  gifts,  contract  research,  discounts  on  equlp- 
aent sales,  industrial  affiliate  progress,  research  consortia, 
informal  loans  and  sharing  of  equipmidt,  and,  of  course,  outright 
purchase.     Donations  of  equipment  in  recent  years  have  been  espe- 
cially common  In  computing,  microelectronics,  and  engineering. 
Companies  often  use  discounts  and  flexible  payment  schedules  to 
help  universities  get  research  equipment,    cne  aanufacturer 
visited  by  the  field  research  team  used  a  two-for-one  discount  on 
purchase  of  new  equlpaent  to  generate  goodwill  and  to  start  a 
seri«a  of  informal  exchanges  between  i*s  scientists  and  investi- 
gators at  the  recipient  school. 

We  found  that  tax  benefits  have  several  possible  effects. 
The  tax  situation  seems  to  influence  the  size  of  contributions. 
Also,  a  manufacturer  may  elect  to  sell  costly  equipment  to  a 
university  at  a  substantial  discount  rather  than  donating  it 
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outright.    Coapanles  have  taken  this  taok  both  before  «nd  after 
tht  Econofcio  Seoovery  Tax  Aot  (8BTA)  of  1981,  but  the  adc<ed  tax 
benefit*  under  the  Act  oleerly  oould  affeot  the  c'eoision  to  9«n 
op  donate.    In  faot,  a  ooepany  that  wishes  to  help  a  university 
get  qualified  research  equipment  but  doesn't  wish  to  donate  it 
outright  oan  still  set  tax  benefits  under  EBTA  by  aeans  of  a 
bargain  aale  -  a  sale  for  ^»a  than  fair  aarket  value. 

The  Eoonoaic  Beoovery  Tax  Aot  of  1981,  as  the  Task  Force 
kt-.wa,  was  designed  to  spur  teihnologloal  developaent.    The  Act 
provides  speolal  oharltable  deduotlona  *or  soientifio  equlpoent 
given  to  a  university  by  its  ainuf aoturer.    It  also  provides  tax 
oredlts  for  ooapany  spending  on  researoh  and  developaent  oon- 
duoted  in-house  or  by  universities  or  ether  organixationa.  The 
BAD  tax  orcdit  is  soheduled  to  expire  at  the  tnd  of  this  year. 

Aa  yea  have  heard  already,  3*  states  whose  tax  codes  follow 
the  federal  code  have  edopted  the  provisions  of  EHTA.    Also,  as 
of  the  ooapletlon  of  our  study,  seven  states,  inoluding  a one  of 
th*  3*    had  adopted  various  additional  tax  benefits  designed  to 
enoourage  support  for  rejesroh  and  research  equlpoent  at  univer- 


It  asy  not  be  possible  to  assess  tho  iopaot  of  EBTA  very 
aoourately,  in  teraa  of  either  the  BAD  tax  credit  or  equlpaent 
donations.    The  results  of  extensive  study  presented  during 
hearings  on  the  Aot  in  t98l  provided  conflicting  evidence  of  its 
lapaot.     nevertheless,  the  consensus  seeas  to  be  that  BfiTA, 
espeolally  with  oertaln  aodlf icatlons,  should  upur  technological 
progress  aa  Intended,  partly  by  cnoouraging  private  support  for 
soadeslo  researoh  and  soientifio  equlpaent.    Ve  agree  with  this 
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view.  . 

Ltt  ae  return  now  to  the  question  of  how  can  we  increase 
private  support  for  aoadenlc  research  and  for  equlpaent  in 
particular.    Ve  recoaaend  that  universities  seek  donations  of 
research  equlpaent  aore  eggresslvcly.    Although  our  full  report 
gives  the  eleaents  of  a  donation  strategy  in  soae  detail,  let  ae 
stress  a  particular  point  here.    Ve  believe  that  personal 
Involveaent  of  acadealc  researchers  with  their  counterparts  In 
likely  donor  ooapanles  Is  essential  to  cultivating  the  relation- 
ships needed  to  get  contributions  of  research  equlpaent.  Quite 
soart  froa  donation  of  equlpaent,  such  Interactions  are  desirable 
for  exchange  of  technical  Inforaatlon  which,  In  turn,  enhances 
technological  progress. 

We  reoonaend  several  Modifications  to  BETA. 

First,  we  propose  that  the  range  of  equlpaent  qualified  for 
the  charitable  donation  deductlo  i  be  expanded  to  Include  coaputer 
software,  equlpaent  aalntenance  contracts  and  spare  parts, 
equlpaent  In  which  parts  not  aade  by  the  donor  cost  aore  than  50$ 
of  the  donor's  cost  In  the  equlpaent,  and  used  equlpaent  less 
than  three  years  old.    Our  arguaents  for  these  changes  are  as 
follows.    Coaputers  are  Inooapletc  without  software.  Maintenance 
contracts  are  valuable  because  keeping  equlpaent  In  repair  costs 
so  auch  that  universities  hav4  soaetlaes  declined  donstlous 
because  of  the  aalntenance  expense.    Coapanlea  that  develop  and 
aake  scientific  equlpaent  are  selling  prlaarlly  their  technologi- 
cal knowledge,  not  their  ability  to  aake  parts.    For  this  reason, 
we  believe  the  50%  Halt  on  parts  not  aade  by  the  donor  Is 
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unrealistic. 


Next,  we  propose  that  the  R&D  tax  credit  be  nade  permanent, 
tte  alao  recoaaond  that  tbe  credit  be  revised  to  create  a  special 
''incentive  for  companies  to  support  res  arch  in  universities.  As 
it  stands,  ERTA  gives  companies  the  at  le  incentive  to  contract 
for  research  in  eoadeoe  as  in  other  qualified  organizations. 

He  propose  further  that  the  social  and  behavioral  sciences 
be  aade  qualified  fields  of  acedeaio  research  in  terns  of  both 
tbe  equipaent  donation  deduotion  and  tbe  R&D  tax  credit.  These 
sciences  contribute  to  tbe  applications  of  other  sciences  and 
technology,  and  social  and  behavioral  scientists  are  increasingly 
using  inatruaents  in  tbe&r  research. 

Our  last  proposal  for  ERTA  is  that  research  foundations  that 
arc  affiliated  with  universities,  but  reoain  separate  entities, 
be  aade  qualified  recipients  of  equipaent  donations  and  R&D 
funding. 

That  concludes  our  presentation  of  the  results  of  the 
rcs'iarob  instruaentation  project.    On  behalf  of  »y  colleagues,  I 
would  like  to  thank  you  once  again  for  your  attention. 
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PANEL  DISCUSSION 

Mr.  Brown.  Do  we  have  statements  from  Mr.  Goldberg  and  Ms. 
Woolsey? 

Mr.  Goldberg.  There  is  none  from  us,  no. 
Mr.  Brown.  Or  are  you  here  to  correct  the  mistakes  of  the 
others? 

Ms.  Woolsey.  No,  thank  you,  Mr.  Chairman. 

Mr.  Brown.  Mr.  Lujan,  do  you  have  any  questions? 

Mr.  Lujan.  Thank  you,  Mr.  Chairman. 

Two  things  occur  to  me  as  I  listen  to  the  testimony.  One  is  to 
give  the  university  more  power  in  making  determinations.  We  face 
that  in  the  case  of  the  problem  we  have  in  South  Africa  and  Nica- 
ragua and  in  El  Salvador — the  sharing  of  power.  That  is  a  very  dif- 
ficult tldng  to  have  somebody  do,  and  I  didn't  realize  we  had  that 
problem  at  the  universities  as  well. 

The  other  conclusion  that— at  least  the  thought  they  have— is 
that  all  of  the  testimony  anC  the  report  talk  about  wajre  of  the  uni* 
versities  getting  the  money  to  buy  the  equipment,  but  it  seems  like 
the  study  didnot  include  the  university  responsibilities.  I  guess  it's 
just  assumed  that  they  will  use  the  equipment  intelligently  if  given 
to  them. 

Did  that  part  come  up  at  all  in  your  deliberations?  I  don't  find  it 
in  the  report  in  any  event. 

Dr.  Zdanis.  Certainly  the  backbone  of  the  research  support  pro- 
gram for  the  country  has  been  the  individual  research  project 
which  undergoes  peer  review,  and  we  certainly  have  encouraged 
the  maintenance  of  that  as  the  primary  research  funding  mecha- 
nism, and  under  peer  review  we  assume  that  the  best  projects  will, 
in  fact,  continue  to  be  funded,  and  the  poorer  pro5  xrts  will  not  be. 

Mr.  Lujan.  Peer  review— just  changing  the  subject  a  little  bit- 
has  come  under  quite  a  little  bit  of  discussion  in  the  Science  Policy 
Task  Force.  It's  the  result  of  10  or  20  universities  getting  all  of  the 
money.  Is  that  the  same  for  instrumentation?  Are  the  same  10  or 
20  universities  that  get  the  top  grant  dollars  also  getting  the  top 
moneys  in  equipment? 

Dr.  Zdanis.  Well,  I  would  dispute  the  10  or  20  institutions  slight- 
lv.  The  number  of  institutions  that  share  in  university  research 
dollars  as  supplied  by  She  National  Science  Foundation,  that  set  of 
numbers,  that  certainly  has  institutions  in  the  hundreds  that  are 
sharing  in  the  percentage. 

Mr.  Lujan.  But  percentagewise,  what  is  it?  Something  like  75 
percent  or  something? 

Mr.  Brown.  I  should  iinAjrrupt  the  gentlemen  to  indicate  to  Dr. 
Zdanis  that  some  members  of  the  task  force  are  a  little  biased  bo- 
cause  of  the  small  States  that  they  come  from,  as  you  know. 

Mr.  Lujan.  Or  because  of  the  large  States  they  come  from. 

Have  tax  credits— before  that,  let  me  ask  this.  You  mentioned 
the  Iowa  State  University  REAP  Program  which  is  a  good  example 
of  how  things  should  be  managed.  Why  don't  the  othera  do  that  if 
that  is  a  good  way  of  doing  it? 

Dr.  Hunt.  I  mentioned  that,  Mr.  Liyan,  I  thinlr  the  inventory 
systems—most  schools  dr>  have  inventory  systems  taid  are  required 
to  have  jtl jip,  What  we  found  is  that  they  have  not  been  using 
those  svstemij*  other  than  for  recordkeeping.  They  have  not  been 
usiner  them  as  a  management  tool,  and  with  the  exception,  I  think, 
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of  the— where  we  found  in  the  REAP  case  where  a  system  was 
being  used  as  a  management  tool  for  effective  transfer  of  equip- 
ment from  one  lab  to  another  and  to  avoid  duplication  of  equip- 
ment. There- is  a  good  screening  policy  tnere. 

Our  recommendation  is  that  institutions  ought  to  make  better 
use  of  inventory  systems  and  using  REAP  programs  as  an  example. 

Mr.  Lujan.  Certainly  sounds  good. 

What  effect  has  the  tax  credit  for  private^  sector  entities  had  on 
giving  to  universities  of  both  equipment  and  research  credits?  Has 
it  been  good  and  substantial  or  what? 

Dr.  Chaudhari.  Our  survey  found  almost  unanimously  in  a  sense 
that  the  Tax  Act  encouraged  people  to  donate,  but  when  corpora- 
tions look  to  give  equipment  or  donate  equipment,  they  look  at  it 
first  from  their  own  point  of  view,  what  it  means  to  them,  and 
after/they  determine  that,  at  that  point  they  look  at  the  donation 
and  tax  benefit  that  accrues  from  that  to  decide  how  much  to  give 
and  whether  to  give  it  as  a  bargain  sale  or  donate  it  outright.  So,  I 
think  it  plays  a  substantial  role  once  the  decision  has  been  made  to 
go  ahead;and  donate  equipment. 

Mr.  Lujan.  I  think  you  are  absolutely  correct.  One  of  the  things 
I  ran  into  while  I  was  at  home  is  a  large  company  making  a  sub- 
stantial donation  of  equipment  to  one  of  our  universities.  And  I 
gathered  that, if  they  gave  this  big  piece* of  equipment,  then  their 
system  would  be  the  primary  one  in  the  university— rather  than 
the  whole  tax  credit  question.  That  isrjust  a  little  icing  on  the  cake. 

Dr.  Ghaudhari.  Yes,  that  has  been  our  experience,  yes. 

Mr.  Lujai?.  One  other  question.  What  about  joint  use,  like  the 
computer  centers  that  we  are  establishing?  Do  you  find  that  an  ef- 
fective way  of  equipment  utilization?  Give  me  your  thoughts  on 
that. 

Dr.  Chaudhari.  It's  a  little  early  to  assess  the  supercomputer 
centers.  It's  been  our  experience— I  say  "ours,"  I  mean  IBK's  expe- 
rience—with the  Cornell  Center  where  we  made  donations  of  equip- 
ment and  are  working  with  them.  We  have  people  assigned  there. 

In  fact,  it's  our  intent , to  see  how  much  we  can  use  within  IBM 
that  center  for  our  o:/n  work,  so  we  are  interested  in  that  center 
for  a  variety  of  reasons  quite  apart  from  having  a  center  available 
to  others.  We  would  like  to  see  how  we  can  explore  the  use  of  that 
for  our  own  research. 

Mr.  Lujan.  Do  you  foresee  a  lot  of  aniversity  use  of  it— other 
universities? 

Dr.  Chaudhari.  Yes,  and  other  corporations  also.  For  example,  a 
number  of  corporations  have  expressed  interest  in  this,  at  least 
from  newspaper  accounts,  in  joining  the  Cornell  Center  to  use  their 
equipment. 

Mr.  Lujan.  Do  you  find  that  to  be  the  case,  that  the  equipment 
is  available  at  many  laboratories  that  the  Government  owns  all 
over  the  country,  that  universitites  have  access  to  them? 

Dr,  Chaudhari.  I  think  the  university  community  is  very  di- 
verse. The  scope  of  research  goes  all  the  way  from  a  one-man  effort 
to  groups  of  efforts,  and  also  the  kinds,  of  research  we  do  is  very, 
very  varied,  and  what  you  find  is,  as  you  talk  to  people,  where 
people  have  a  need  for  a  particular  piece  of  equipment,  and  they 


.,286 


280 


don't  have  access  to  that  equipment  in  their  own  university  or  it's 
too  expensive,  they  will  make  contact  there  ac  much  as  they  can. 

A  good  example  of  that  is,  of  course,  our  National  Synchrotron 
Light  Source.  It  s  expensive,  and  it's  centralized.  A  large  university 
faculty  combined  with  university  and  industry  can  own  a  beam 
line;  there  to  do  research.  I  know  of  examples  in  our  own  corpora- 
tion, and  I  know  other  corporations  do  the  same. 

So,  you  will  find,  where  there  is  a  special  piece  of  equipment 
which  is  expensive  and  specialized,  that  industry,  universities,  and 
national  labs  will  get  together,  but  is  it  as,  you  kr,ow,  common  as  it 
ought  to  be?  That  is  hard  to  answer. 

There  are  those  who  feel  it  isn't  worth  their  while  to  go  all  the 
way  to  a  Government  lab  to  do  something  that  may  be  700  miles 
away,  or  they  don't  have  a  travel  budget,  or  their  are  other  restric- 
tions on  priorities  and  research  results  which  they  don't  wish  to 
share. 

Mr.  Lujan.  From  the  standpoint  of  the  laboratory,  do  you  find  it 
readily  accessible? 

Dr.  Chaudhari.  The  big  industrial  labs  are  accessible  to  the  uni- 
versities. 

Mr.  Lujan.  I  am  talking  about  the  national  labs.  That  is,  the 
ones  we  have  control  over. 

Dr.  Chaudhari.  Yes,  I  see.  At  least  our  experience  has  been  that 
they  are  very  open  and  receptive  to  ideas.  If  you  have  research  you 
would  like  to  pursue,  fine,  and  it's  something  they  have  uvrrikble, 
they  are  receptive. 

Dr.  Zdanis.  Certainly  from  the  university  point  of  view,  they  are 
very  accessible,  yes.  There  are  two  types  of  research  inslr^erta- 
tion,  and  I  would  like  to  draw  the  committee's  attention  to  tnat 
once  more. 

There  are  the  instruments  used  mainly  for  service,  making  meas- 
urements on  a  repetitive  basis,  et  cetera.  Those  types  of  instru- 
ments are  very  amenable  to  sharing.  But  there  are  other  types  of 
instruments  where  you  are  trying  to  push  back  the  boundaries  of 
what  is  measurable  or  to  change  the  technique  for  measurement. 
Those  you  have  half  apart  most  of  the  time.  You  are  changing 
thing?.  It's  not  really  feasible  to  share  those  types  of  instruments. 
Yet,  they  may  bs  equally  expensive.  So,  some  things  are  feasible  to 
share,  others  are  not.  The  cost  of  sharing  not  only  includes  trans- 
portation to  remote  sites,  but  it  includes  the  removal  of  that  par- 
ticular expert  from  his  home  base  ana  to  some — the  reason  for  an 
expert  to  be  at  a  university  is  to  provide  informatin  to  his  col- 
leagues, to  teach  the  studenta  who  are  there,  and  then  he  is  off  at 
some  remote  site  doing  research.  As  good  as  that  might  be,  he  is 
not  available  to  his  local  community,  and  that  is  a  real  cost 

Mr.  Lujan.  I  was  thinking  mostly  in  terms  of  my  home  area 
where,  fortunately,  we  have  superb  national  laboratories  right  at 
our  back  door.  But  I  understand. 

Dr.  Zdanis.  You  are  particularly  advantaged. 

Mr.  Lujan.  Thank  you. 

Thank  you,  Mr.  Chairman. 

Mr.  Brown.  Mr.  Morrison. 

Mr.  Morrison.  Thank  you,  Mr.  Chairman. 
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I  have  questions  in  two  areas.  First  of  all,  obviously  some  of  us 
do  have  our  biases  as  to  particular  institutions,  and  I  happen  to 
represent,  a  rural  area  that  has  several  smaller  universities.  I  be- 
lieve Chairman  Fuqua  has,  in  a  bill  that  he  has  introduced,  Mr. 
Chairman,  a  provision  that  a  set  percentage  of  funding  be  made 
available  for  smaller  universities.  Do  you  have  any  reaction  as  a 
group  to  that  sort  of  a  concept? 

Dr.  Zdanis.  Perhaps  we  snould  ask  the  association  members  to 
respond  to  that 

Mr.  Goldberg.  That  is  a  particularly  difficult  question.  One 
would,  at  least  I  guess— I  will  express  an  opinion.  I  would  prefer 
that  we  deal  in  terms  of  good*  science  and  merit  of  the  best  science, 
if  you  will,  and, that  both  grant  funding  and  equipment  programs 
go  where  tt<£  best  science  is  being  performed. 

I  also  worry  about  set-asides.  No  matter  what  position  you  take, 
you  have  to  wonder  when  you  do  that  whether  all  of  those  funds 
are  being  well- spent.  That  doesn't  mean  that  you  will  always  make 
the  right  decisions  when  you  chooso  merit. 

I  don't  know  how  else  to  answer  that.  I  am  not  for  set-asides,  and 
I  am  not  against  a  set-aside,  but  I  view  that  as  a  set-aside,  and  I 
worry  in  some  way  that  that  money  goes  where  it  does  ft  a  most 
good. 

Mr.  Morrison.  We  don't  have  the  privilege  that  you  have,  both 
for  and  against  set-asides.  I  can  certainly  see  your  point.  I  gue«s  a 
concern  I  have  is  that  we  are  included-rrand  I  look  at  your  fir  ires: 
54  percent  of  the  investment  Federal,  32  percent  State.  Obviously 
these  are  taxpayers'  dollars,  and  we  would  like  to  buy  the  best  sci- 
ence with  that  investment.  However,  I  think  there  will  probably  be 
a  tendency  to  say,  "Let's  see  if  we  can  spread  this  across  the  face  of 
the  country  a  little  more  than  to  a  selected  group  of  institutions 
who*by  their  reputations  have  establirhed  outstanding  records  of 
good  science. '  Wei!,  I  guess  we  will  return  that  particular  decision 
to  the  political  arena,  Mr.  Chairman. 

The  other  question  I  had  in  just  glancing  through  your  report— I 
didn't  get  into  the  details  of  the  blue  book  which,  of  course,  is  the 
complete  report—  I  noticed,  Dr.  Hunt,  in  your  comments  you  men- 
tioned leasing  twice,  but  only  in  two  particular  ways.  One  is  that 
there  should  oe  longer  lease  opportunities  for  State  or  institutions 
that  have  only  1-  or  2-year  State  budgets  to  work  with,  and  the 
other  was  to  develop  more  expertise  at  the  university  level  on  leas- 
ing than  long-term  debt  structuring. 

I  wonder  if  yrur  panel  spent  any  amount  of  time,  perhaps,  on  a 
new  innovative  approach  on  leasing  to  encourage  leasing  of  equip- 
ment. It  was*  mentioned  that  the  tax  incentives  we  have  provided 
have. encouraged  businesses  to  make  equipment,  available  on  some 
basis  to  university  programs,  but  is  there  a  possibility  -J  going  w*th 
more  leasing  since  the  life  of  this  equipment  seems  to  be  short  and 
maintenance  is  a  problem?  Should  we  devise  at  the  Federal  level 
some  mechanism  using  tax  incentives,  and  perhaps  other  financial 
rewards,  or  leasing  programs  in  which  the  university  would  actual- 
ly not  acquire  equipment,  but  in  response  to  a  research  grant,  that 
equipment  could  be  leased  for  the  tenure  of  that  particular  grant? 
9  Dr.  Hunt.  Certainly  a  iot  of  leasing  is  going  on  at  the  present 
time.  I  think  our  review  of  the  situation  would  indicate  that,  first 


282 


of  all  leasing  is  costly— is  a  more  costly  approach,  and  I  think  you 
haveto  look  first  at  whether  it's  financially  advantageous  to— 
whether  you  should  own  the  equipment  or  whether  you  should 
lease.  In  other  words,  there  may  be  a  financial  advantage  to 
owning  equipment  if  it's  not  going  to  become  technologically  obso- 
lete than  along-term  lease  where  it  would  be  a  much  more  costly 
approach.  There  are  innovative  ways,  however,  to  structure  leases 
so  you  can  obtain  ownership  at  the  end  of  the  lease,  and  institu- 
tions nave  used  municipal  leases  where  tax  exempt  rates  are  ol 
tamed. 

I  think  in  the  report"  we  review  a  whole  range  of  financing  ap- 
proaches; some  of  which  result  in— most  of  which  result  in  owner- 
ship of  the  equipment  as  opposed  to  simply  leasing  the  equipment 
But  the  advantage  of  leasing,  as  I  see1  it  right  now,  is  the  ability  to 
spread  the  cost  over  a  peiiod  of  years  as  opposed  to  having  to  pay 
for  the  equipment  up  front.  Most  grants  do  not,  or  a  projectorienfr- 
ed  system  does  notprovide-sufficient  funds  to  acquire  or  provide 
for  full  cost  of  the  equipment  up  front.  But  it  has  to  be  paid  for, 
and  paying- for  it  over  time  has  pushed  people  into  leasing  as  op- 
posed to  purchasing  and  has  then  pushed  people  into  innovative 
forms  of  leasing  which  result  ultimately  in  ownership.  I  guess  my 
Problem  is  that  leasing  tends  to  be  at  a  higher  cost. 

Mr JMorrison.  The  cost  you  don't  write  off  as  a  tax  advantage  to 
an  institution  because  it's  automatically  exempt  anywa". 

Dr.  Hunt..  That  is  right.  And  we  reviewed  carefully,  and  with 
our  consultants,  alternatives  financially  that  are  being  used  in  the 
marketplace  today,  various  forms  of  tax  exempt  financing. 

But  agam,  the  big  problem  is  who  will  pay  for  it  ultimately?  In 
other  words,  the  debt  has  to  be  repaid,  and  the  interest  has  to  be 
repaid,  and  that  has  been  without  an  assured  or  a  systematic  and 
rational  basis  of  payment  which,  down  the  road,  has  sort  of  pre- 
cluded people  from  institutions  getting  heavily  into  the  debt  financ- 
ing arena. 

Mr.  Morrison.  Is  it  

Dr.  Hunt.  I  don't  know  that  I  have  answered  your  question. 

Mr.  Morrison.  Well,  you  helped,  and  obviously  you  have  given 
the  issue  some  thought,  and  that  was  my  basic  question.  Is  it  of  sig- 
nificant importance  that  an  institution,  as  a  result  of  a  research 
grant,  end  up  with  the  equipment?  The  equipment  being  there 
means  that  somebody  will  do  something  with  it,  and  it  adds  to  the 
ability  of  that  university  to  attract  other  research  efforts  or  to  be 
attractive  from  an  academic  point  of  view,  at  least. 

Dr.  Hunt.  Yes,  I  think  it  is.  Once  you  have  ownership,  too,  you 
nave  the  ability  to  work  hard  towards  transfer  of  that  equipment 
among  laboratories  so  that  it  remains  a  useful  piece  of  equipment, 
and  that  you  only  pay  for  it  once.  That  is  why  I  think  that  just  a 
straight  lease  is  not  always  the  best  approach. 

Mr.  Morrison.  Thank  you. 

Thank  you  very  much,  Mr.  Chairman. 
.Mr.  Brown.  Mrs.  Meyers. 

Mrs.  Meyers.  Have  we— I'm  sorry  I  didn't  get  here  for  the  earli- 
er part  of  the  presentation.  I  was  at  another  meeting. 

I  presume  that  the  equipment  we  are  talking  about  is  primarily 
computers? 

■*> 
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Dr.  Zdanis.  No,  ma'am. 

Mrs.  Meyers.  Tell  me  what  other  kinds  of  equipment  we  are 
talking  about. 

Dr.  Zdanis.  Scanning  electron  microscopes,  mechanisms  to  assess 
surface  phenomenon,  materials  handling  equipment,  materials  con- 
struction equipment,  instrumentions  to  measure  radiations,  both 
optical  and  nuclear,  in  order  to  assess  all  kinds  of  properties  of  ma- 
terials. So,  there  are  a  whole  range  of  important  university  re- 
search-equipment which  are  not  computers  at  all.  Many  of  them 
are  now  incorporating  computer  components  in  order  to  help  the 
data  analysis  and  data  gathering  components  of  that  equipment, 
but  that  is  not  the  primary  focus"  of  the  instrument  itself. 

Mrs.  Meyers.  Has  this  problem  always  been  with  us  or  is  this 
something  that  has  happened  fairly  recently  just  because  of  the 
amount  of  equipment  that  has  been  developed  and  the  fact  that  it's 
outdated  earlier? 

Is  this  a  new— I  was  on  the  1202  commission  at  the  State  level, 
and  I  don't  recall  that  this  was  as  much  of  a  problem  with  our 
State  universities  at  the  time.  That  was  in  the  1970's,  however. 

Dr.  .Zdanis.  The  development  of  sophistication  in  equipment  has 
certainly  escalated  recently,  so  that  the  equipment  becomes  obso- 
lete much  more  rapidly  now  than  it  did  4  or  5  years  ago.  The  tech- 
niques that  are  being  used  in  various  fields  are  also  changing 
rather  rapidly.  If  I  can  take  an  example  from  the  medical  commu- 
nity, there  are  PET  scanners  and  CAT  scanners  and  NMR  devices, 
none  of  which  were  really  applying  to  those  fields  5,  10,  15  years 
ago,  so  the  techniques  are  changing  fast. 

That  is  hurting.  There  is  no  natural  law  which  says  how  equip- 
ment needs  to  be  used.  The  scale  that  we  have  to  use  for  universi- 
ties is  what  competition  has  out  there,  because  the  reason  for  the 
universities  to  be  in  the  research  business  is  to  be  at  the  cutting 
edge.  The  cutting  edge  is  defined  by  whoever  is  doing  the  most  ad- 
vanced work,  whether  that  be  within  the  university  community, 
within  the  industrial  community,  or  in  the  foreign  countries.  It's 
that  scale,  that  measure,  that  we  are  using  to  analyze  the  proper- 
ties of  the  university  state  right  now. 

Mrs.  Meyers.  When  you  talk  about  private  support  and  that  we 
need  more  private  support  for  the  kinds  of  training  equipment  that 
we  need,  I  guess,  in  my  experience,  contributions  to  university  re- 
search have  usually  been  dollars. 

Dr.  Chaudhari.  That  is  correct. 

Mrs.  Meyers.  Do  these  private  concerns,  either  corporate  or 


v  -  saying.  Why  is  this  a  problem 

always? 

Dr.  Chaudhari.  I  think  two  points  are  ^  be  kept  in  mind.  First, 
the  private  contribution  of  equipment  is  a  very  small  fraction  of 
the  total  needs  of  the  Nation.  Right  now,  it's  about  9  percent.  At 
least  in  1982-83,  the  National  Science  Foundation  survey  found 
that  private  equipment  contributions  amounted  to  9  percent  of  the 
equipment  *he  universities  used. 

Private  support  has  increased  substantially  over  the  last  decade, 
most -of  it  from  corporations  which  tend  to  be  more  and  more  ear- 
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marked  for  research  and  development.  However,  corporate  support 
comes  in  many  forms.  For  example,  if  I  am  working  for  a  company, 
then  if  I  donate  $100  and  the  company  will  double  that  and  will 
give  it  to  the  university,  I  must  specify  I  wish  to  e:ve  it  for  a  gradu- 
ate fellowship,  or  I  may  specify  to  just  go  to  a  department,  and  the 
corporation  will;  simply  match  that  without  specifying  that,  "No, 
the  $200  I  gave  should  go  somewhere  else."  So  the  support  that 
goes  to  universities  com(*s  in  many  different  ways.  Most  of  it  is  not 
specifically  earmarked  that  it  should  go  for  equipment.  Should  it 
be  so  earmarked?  That  issue  is  complex  because  the  amount  of  sup- 
port and  the  way  the  support  goes;  in  can  be  very  small  or  it  can  be 
quite  large.  It  would  be  a  difficult  thing  to  do. 
Mrs.  Meyers.  Thank  you. 

Dr.  Hunt.  I  might  add  most  donors  do  designate  a  program  or  an 
activity  they  want  their  donation  to  support  which  is  a  restriction 
that  institutions  obviously  abide  by,  so  that  scholarships  or  endow- 
ment shares  is  the  way  it  has  to  be. 

Mrs.  Meyers.  Do  you  find  the  States  are  establishing  consortia  of 
all  of  their  universities  and  working  together  or  do  we  need  to  do 
more  cf  that?  I  just  think  we  are  going  to  see  fewer  dollars  being 
available  from  the  Federal  level,  and  certainly  while  the  States  are 
more  solvent  than  the  Federal  Government,  a  lot  of  States  have 
problems  too.  And  I  think  that  unless  we  can  pull  more  from  the 
private  sector,  the  dollars  just  won't  be  there.  And  I  don't  know  if. 
we  can  do  that  So  it  looks  almost  like  our  emphasis  should  be  in 
trying  to  get  pf^ople  to  work  together  or  some  other  devices  along 
that  line  rather  than  just  saying,  "We  need  more  money,"  because 
obviously  we  do.  And  I  wish  it  were  there  because  I'm  very  sup- 
portive of  what  you  lire  saying. 

Do  you  find  that  States  are  working  together  within  their  bor- 
ders? 

Dr.  Hunt.  The  first  thing  we  have  to  do,  I  think,  is  sell  States  on 
the  idea  that  they  have  a  very  important  role  in  research.  I  think 
that  State  funding  has  by  and  large  been  focused  on  the  instruc- 
tional aspect  and  missions  of  the  institution  and  has  not,  except  for 
land-grant  schools,  I  think,  has  not  extensively  supported  research. 
So,  we  have  the  first  hurdle  of  getting  a  recognition  at  the  State 
level  that—that  is  in  our  report— greater  recognition  at  the  State 
level  that  they  have  a  role  to  play  and  that  increased  funding  is  a 
a  part  of  that. 

I  think  because  the  problem  is  so  widespread  and  is  getting  a  lot 
of  publicity,  I  think  there  is  some  recognition  now  at  the  State 
level  just  beginning  to  emerge,  so  to  speak.  It's  a  time  and  activity, 
now,  to  be  expanded.  States  have  net  seen  that  as  their  role,  neces- 
sarily. 

Mrs.  Meyers.  It's  beginning  to  happen,  but  maybe  not— I  think 
it's  beginning  to  happen  for  economic  development  reasons. 
Dr.  Hunt.  That^  correct. 

Mrs.  Meyers.  In  nme  respects,  States  are  saying  we  want  some 
high-tech  center,  ar  .hey  know  that  to  do  that,  they  have  to  have 
a  really  solid  resear  institution  in  their  State,  and  so  they  are 
going  to  go  that  way. 

I  know  that  we  have  dont  ^rQral  things.  One  of  the  things  we 
did  in  Kansas  was  to  have  Stau      deductions  for  any  contributed 
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computer  equipment  or  any  other  equipment  that  could  be  useful 
in.  research  and  a  lot  of  tax  deductions.  I  imagine  a  number  of 
States  have  gone  that  route,  but  in  terms  of  economic  development, 
I  think  they  are  going  to  begin  to  see  more  emphasis  there. 

Dr.  Zdanis.  I  believe  you  are  correct.  For  private  donations  to 
universities,,  the  ERTA  tax  law;  also  was  designed.  One  of  the  sec- 
tions of  it  was  designed  to  encourage,  that,  and  it  has  worked  in  a 
number  of  cases.  .So,  one  of  the  reasons  that  you  see  some  more  of 
the  private,  sector  donations  being  targeted  to  instrumentation  is 
because  of  the,  effect  of  that  particular  law. 

Mrs.  Meyers.  Thank  you. 

Mr.  Brown.  Mr.  Fawell. 

Mr.  FAWEix.;Thahk  you. 

Mr.  BROWN.TCould  I  ask  Mr.  Walgren  if  he  would  be  kind  enough 
to  chair? 

Mr.  Walgren  [acting  chairman].  Yes,  of  course. 
.  Mr.  FaweU,  you  may  proceed. 

.Mr.  Fawell.  Thank  you,  Mr.  Chairman.  I  apologize,  too,  for 
*  *    being  Johnny-come-Jately,  not  only  to  this  meeting  but  to  the  Com- 
mittee on  Science  and  Technology. 

b  One  question  that  I  have  that  dovetails  the  previous  question  a 
bit  is  I  gather  most  of  the  Federal  contribution  is  research,  and  the 
equipment  comes  in  as  part  of  the  research  grant.  Is  that  a  fair 
statement? 

Dr.  Zdanis.  A  fair  statement,  yes. 

Mr.  Fawell.  What  about  separate  programs  which  are  geared 
only  to  equipment  purchases  and,  throwing  in  also  matching  fund- 
ing that  would.be  required,  and— then  I  will  stop  there.  I  have  a 
question  beyond  that,  but  what  about  separate  programs? 

Dr.  Zdanis.  There  are.a  number  of  agencies  now  that  are  trying 
that  as  an  auxiliary  emphasis.  The  Department  of  defense,  for  ex- 
ample, has  nm  that  program  for  2  years  now.  The  National  Sci- 
ence Foundation  is  starting  that.  Yes,  that  is  a  fine  catchup  mecha- 
nism for  addressing  this  particular  program.  It  has  done  well.  We 
hope  that  other  agencies  will  include  that  in  their  programs,  too, 
and  that  funding  be  allocated  for  that  purpose. 

Mr.  Fawell.  Does  that  require  you,  usually,  to  have  matching? 

Dr.  Zdanis.  It  does  usually  require  matching. 

Mr.  Fawell.  On  what  percentage  is  it,  by  and  large? 

Dr.  Zdanis.  Fifty  percent  is  not  atypical.  One  of  the  difficulties 
with  matching  is  that  it's  not  necessarily  specified,  and  so  there  is 
a  lot  of  negotiation  about  what  percentage  that  must  be,  and  that 
present'  the  universities  with  a  great  deal  of  internal  deliberations 
as  to  how  to  try  to  bid  for  this.  If  we  are  in  a  program  where  there 
is  only  a  probability  of  10  percent  that  we  will  get  one  of  these, 
should  we  allow  10  investigators  to  .go  forth  and  take  an  average 
that  we  will  not  have  to  provide  the  matching  funds  for  all  10  in- 
struments? We  get  to  play  Russian  roulette  to  some  degree. 

Mr.  Fawell.  One  other  point.  Several  weeks  ago,  I  heard  our 
new  Secretary  of  Education  make  the  statement  that  some  of  our 
more  well  endowed  universities  have  indeed  got  tremendous  in- 
creases and  really  were  not — could  not  be — classified  as  financially 
needy  at  all.  Have  you  considered  the  idea  of  a  financial  need 
factor?  This  gets  back  to  the  question  of  some  smaller  universities 
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and  colleges  that  may  indeed  need  more  attention  here,  and  some 
of  the  very,  very  well  endowed  ones  that  may  not  be  eligible.  I'm 
talking  about  a  financial  needs  test,  for  instance.  How  would  that 
strike? 

Dr.  Zdanis.  One  of  the  problems  with  establishing  financial  need 
is  "Compared  to  what?"  If  you  compare  it  to  aspirations,  the  needs 
of  some  of  the  more  well-endowed  institutions  may,  in  fact,  be  as 
great  as  those  of  some  smaller  institutions. 

Mr.  Fawell.  Absolutely,  yes. 

Dr.  Zdanis.  So,  it's  against  that  measuring  stick  that  I  have  diffi- 
culty even  trying  to  respond  to  your  question.  I  know  that  some  of 
the  places  where  moie  research  is  currently  done  are  probably  the 
places  where  some  of  the  Jbig  step  functions  can  occur  and  where 
industrial  communities  may  be  willing  to  participate  in  joint  ef- 
forts where  they  may  not  be  willing  to  participate  in  efforts  at 
other  institutions.  So,  against  that  much  larger  need,  they  may  be 
financially  deprived. 

Mr.  Fawell.  Do  our  agencies,  at  any  tiiue,  though,  take  a  look  at 
what  funds  indeed  may  be  available  by  a  given  university  and  say, 
|Well,  look,  you  have  a  worthy  project"— say  Harvard  or  Yale— 
"obviously  there  are  programs  there  that  would  be  more  advanced 
with  greater  aspirations,  and  all  that.  But  you  are  very  well-en- 
dowed, and  perhaps  a  much  higher  contribution  factor  ought  to  be 
considered  in  reference  to  your  project,  lofty  as  they  may  be  in  the 
interests  of  being  able  to  have  elementary-up  service  equipment  for 
a  greater  number  of  our  universities. 

Dr.  Zdanis.  That  negotiation  takes  place  every  day  between  the 
program  administrators  and  the  principal  investigators. 
"Mr.  Fawell.  It  does. 

Dr;  ZdaniU  And  the  program  administrator  will  say,  "Gee,  that 
is  a  great  pYoject.  Why  don't  you  go  see  your  dean  and  see  how 
much  more  mosey  you  can  get  out  of  him?  By  George,  the  princi- 
pal investigator  will  be  in  the  dean's  office  that  afternoon. 

Mr.  Fawell.  Thank  you. 

Thank  you,  Mr.  Chairman. 

Mr.  Walgren.  Thank  you,  Mr.  Fawell. 

Dr.  Zdanis,  you9  start  out  your  testimony  focusing  us  on  the  effi- 
ciencies of  procurement  and  so  on,  and  yet,  obviously,  there  is  a  big 
dollar  amount  involved  someplace.  How  much  is  it? 

Those  recommendations  tor  changes  in  operation  procedures 
might  make  things  work  very  well  and  critically  better  for  an  indi- 
vidual project.  On  a  percentage  basis,  how  much  <f  our  problem  do 
you  see  as  solvable  by  efficiencies  and  regulatory  controls  as  op- 
posed to  the  need  for  new'  funds? 

Dr.  Zdanis.  A  very  small  percentage,  very  small  percentage*. 

Mr.  Walgren.  Certainly  it's  a  high  frustration  factor. 

Dr.  Zdanis.  Very-high  frustration  factor,  and  it  produces  nothing 
of  value  for  the  country,  and  therefore  we  shouldn't  be  doing  some 
of  these  things.  m 

The  other- thing  that  some  of  the  barriers  produce  is  a  lack  of 
leverage  of  the  Federal  funds  which  are  available  to  commingle 
them  and  use  them  with  other  resources,  so  that  even  without  ad- 
ditional moneys,  different  sources  of  funding  can  be  brought  to 
bear  on  the  problem. 
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We  woiild  like  to  remove  those  barriers. 

Mr.  Waixjren.  In  your  explorations,  did  any  problems  with  the 
m^ufacturers  of  equipment,  being  in  a  position  to  be  overreach- 
ing, raise  their— raise  the  specter  of  the  funds  being  taken  advan- 
tage of  by  manufacturers  of  unique  equipment?  There  are  allega- 
tions of  goldplating  of  instruments  that  would  not  be  necessary  for 
the  experiment  that  would  deliver  more  money  to  the  manufactur- 
er. Is  that  a  problem  in  this  area  that  we  have  to  be  on  guard 
against? 

Dr.  Zdanis.  We  did  not  see  any,  I  don't  believe.  I  don't  believe 
that  it's  a  problem.  The  type  of  instrumentation  we  are  speaking 
about  has  a  fairly  narrow  market.  It's  like  selling  automooiles  to 
race  car  drivers  who  know  everthing  about  automobiles. 

These  are  the  people  who  use,  design,  and  to  some  extent,  en- 
hance the  design  of  equipment  that  you  are  trying  to  sell  the  com- 
mercial product  to.  You  can't  easily  snooker  them  with  additional 
goldplated  items. 

Abo,  the  limitation  of  funds  is  such  that  the  principal  investiga- 
tor will  be  negotiating  with  the  purveyor  of  the  instrument  to  take 
all  of  the  things  that  may  add  to  the  cost,  but  don't  provide  the 
fundamental  focus  of  the  instrument.  In  fact,  that  happens  to  a 
detrimental  extent  to  some  degree.  Some  m^jor  pieces  of  data  ac- 
quisition equipment  may  be  withdrawn  from  the  purchase  order  in 
order'to  get  the  price  down  that  can  be  afforded,  and  so  the  instru- 
ment doesn't  produce  the  amount  of  data  in  a  timely  manner  thai 
it  could  be  doing  if  they  only  had  the  ability  to  have  this  extra 
piece  of  equipment.  So,  I  see  the  problem  in  exactly  the  reverse. 

Mr.  Walgren.  Instinctively,  where  there  is  a  Government  pocket 
used*  to  pay  for  the- process  or  an  effort,  and  the  funding  may  be 
underatood  to  be  forthcoming,  the  buyer  of  the  equipment,  under 
those  circumstances,  would  not  necessarily  be  competitively  sensi- 
tive to  holding  costs  down.  I  don't  have  any  experience  in  that 
area,  but  I'm  just  trying  to  dig  through  you  people  who  have 
looked  at  it  and  dealt  with  it  somewhat,  and  see  whether  or  not 
there  is.  a  substantial  jproblem  of  overpayment  for  what  are,  admit- 
tedly, unique  items,  ff  not,  it  would  seem  that  we  could  be,  per- 
haps, less  regulatory  in  our  approach  at  OMB  and  other  places. 
But  if  it's  a  problem,  of  course  we  have  to  be  more  on  guard. 

Dr.  Zdanis.  I  would  like  to  give  a  quick  response  and  turn  to 
Ray.  I  do  not  know  a  principal  investigator  who  is  funded  at  such  a 
level  that  he  would  not  take  every  available  dollar  and  use  it  for 
another  purpose  if  he  could  avail  himself  of  those  additional  dol- 
lars. So  that  the  principal  investigators,  because  they're  trying  to 
get^out  more  research,  will  be  very,  very  prudent  and  have  been 
very  prudent  about  spending  those  dollars  in  the  most  efficient 
way. 

Mr.  Walgren.  Does  the  role  of  a  principal  investigator  being 
confronted  with  a  sole  source  for  something  he  needs  put  him  in  an 
untenable  position? 

Dr.  Chaudhari.  There  are  very  few  pieces  of  equipment  where 
you  have  a  sole  source.  It's  a  fairly  competitive  market. 

Dr.  Hunt.  The  one  comment  I  would  like  to  make  is  we  all  do 
have  our  own  purchasing  departments,  not  just  a  principal  investi- 
gator involved  in  this.  There  is  also,  in  a  major  university,  a  cen- 
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tral  purchasing  unit  which  is  very  much  involved.  It's  sort  of  a 
team  approach  in  terms  of  the  acquisition  of  equipment.  As  one 
who  comes  from  a  State  university,  we  have  a  State  purchasing  de- 
partment that  is  also  involved,  and  in  fact,  until  recently,  we  were 
very  tightly  controlled  by  State  procurement  regulations.  That  has 
now,  at  the  State  level—one  of  the  advantageous  things  that  has 
happened  to  us— the  State  now  has  delegated  to  the  institution  pro- 
curement authority  which  has  substantially  enhanced,  really,  our 
ability  to  meet  the  researchers'  needs  on  the  one  hand,  and  still 
have  a  central  overall  policy  that  would,  I  think,  preclude  the  kind 
of  thing  you  are  talking  about.  So,  we  have  not  experienced  that  in 
our  case. 

Mr.  Walgren.  Thank  you. 

Mr.  Lewis. 

Mr.  Lewis.  Let  me  also  apologize  for  not  being  here  for  your 
Prestation,  but  summing  through  it,  it  looks  very  thorough. 

On  page  10  you  have  a  recommendation  that  something  be  done 
to  make  prior  approval  less  cumbersome.  Can  you  give  me  a  sce- 
nario of  what  you  mean  there,  such  as  setting  a  $10,000  minimum 
level  for  the  universities'  inventories? 

Dr.  Zdanis.  Right  now,  in  order  to  abide  by  the  regulations  in- 
A~21  and  A-110,  in  order  to  assure  that  we  are  not  duplicating  at 
piece  of  equipment  within  the  university  that  is  available  for  re- 
search, when  a  principal  investigator  puts  forth  a  purchase  request 
to  the  purchasing  department  in  the  institution,  he  has  to  screen 
then;  inventory  to  see  if  that  piece  of  equipment  is  available  for  use 
Within  the  institution.  The  screening  now  has  to  occur  if.  that  in- 
strument is  more  than  $300.  We  claim  that  that  requires  an  awful 
lot  ,of  additional  paperwork  and  screening,  burden  for  a  dollar  level 
which  is  really  not  prudent  to  share.  You  would  capture,  in  that 
case,  capture  a  majority  of  the  value  of  the  inventory  and  cut  down 
a  majority  of  the  paperwork  by  raising  the  level  at  which  that 
threshold  screening  must  occur  to  a  reasonable  level  like  $10,000. 

Mr:  Lewis.  I  see.  You  also  mentioned  equipment  sharing.  Are 
you  speaking  of  within  the  university  itself  or  with  other  universi- 
ties m  close  proximity? 

Dr.  Zdanis.  Yes,  both. 

Mr.  Lewis.  That  is  all  I  have,  Mr.  Chairman.  Thank  you. 
Mr.  Walgren.  Thank  ycu,  Mr.  Lewis. 

We  have  a  vote  on  now,  and  if  you  have  the  time  and  could  sus- 
pend for  10  minutes,  it  would  make  sense,  I  think,  to  allow  us  to 
vote. 

Let  me  ask  Mr.  Volkmer  if  he  wanted  to  ask  questions  at  this 
point. 

Mr.  Volkmer.  No  questions. 

Mr.  Walgren.  I  hate  to  keep  you  here  for  just  a  couple  of  things 
that  I  might  have  from  scanning  your  statement. 

Can  I  ask  when  we  say  this  problem  is  a  problem  that  is  so  sub- 
stantial it  can  t  be  solved  except  by  a  sustained  investment  pro- 
gramt  can  we  put  a  dollar  figure  on  the  problem?  Laboratories 
would  have  to  roll  over  their  equipment  every  5  years,  apparently. 
Are  you  able,  in  this  report,  Dr.  Zdanis,  to  put  a  dollar  figure  on 
size  of  this  problem? 
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Dr.  Zdanis.  No,  we,did  not  investigate  that.  We  understand  there 
are  additional  ,  efforts  underway  to  try  to  establish  what  that  level 
is,  but  we  did  not  within  this  report  address  that  problem. 

Mr.  Volkmer.  Could  I  ask  a  question  in  thatregard? 

Mr.  Walgren.  Mr.  Volkmer. 

Mr.  Volkmer.  The.  university  research  community  would  be  very 
hesitant,  I'm  sure,  to  recommend  that  we  increase  funds  for  equip- 
ment,, research  equipment,  while  we  decrease  funds  proportionately 


Dr.  Zdanis.  That  is  certainly  correct. 
Mr.  Volkmer.  See,  the  trouble  we  have  with  these  deficits  is 
where  do  we  find  the  extra-money? 
Dr.  Zdanis.  I  understand  the  problem. 

Mr.  Volkmer.  Onething  is  to  take  it  out  of  the  present  amount 
and  earmark  it  for  equipment,  but  the  other  is  to  add.  Where  do 
we  get  the  additional? 

Dr.  Zdanis.  I  understand  the  problem. 

Mr.  Volkmer..  Do  you  have  a  situtation  where  we  can  find  it? 

Dr.  Zdanis.  No,  I  do  not.  I  don't  have  the  global  view  that  you.  do. 

Mr.  Volkmer.  I  agree  with  you  on  that,  out  I  think  you  under- 
stand the  problem. 

Dr.  Zdanis.  I  understand  the  problem,  yes. 

Mr.  Walgren.; As  I  understand  it,  a  substantial  amount— you  in- 
dicate a  majority  of  support  for  equipment  is  obtained  in  the  proc- 
ess of  competitive  proposals,  approval  of  competitive  proposals.  If  a 
substantial  part  of  the  equipment  is  obtained  in  that  way,  where 
does  the  overall  relationship  of  the  equipment  that  is  actually  pro- 
cured—where is  that  taken  into  account? 

If  one  research  project  is  particularly  interesting  to  NSF  that 
doesn  t  mean  that  that  equipment  fits  with  any  other  more  com- 
prehensive approach  towards  the  laboratory  that  is  involved. 

Dr.  Zdanis.  Remember  that  before  a  proposal  is  allowed  to  go  for- 
ward to  an  agency,  the  university  has  signing  procedures  mat  it 
goes  through.  At  our  institution,  the  sponsoring  project  office  has 
to  sign  it,  the  department  chairman  has  to  sign  it,  the  dean  has  to 
sign  it.  The  institution  undertakes  an  obligation  also  when  it  ac- 
cepts a  research  proposal  and,  therefore,  the  proposals  that  they 
allow  to  be  submitted  to  the  agency  do,  at  some  level,  have  an  in- 
stitutional goal. 

Mr.  Walgren.  I  see.  We  have  a  vote  here,  and  we  should  break. 
If  I  could  ask  you  to  just  suspend  for  a  couple  minutes.  I  will 
come  right  back,  and  it  will  not  be  long. 
Dr.  Zdanis.  We  would  be  privileged  to. 
Mr.  Walgren.  The  committee  will  recess  for  this  vote. 
[Recess.] 

Mr.  Walgren.  Gentlemen,  I  appreciate  your  staying  on.  I  don't 
know  how  much  more  we  should  explore  for  the  record.  I  was  a 
little  reluctant  to  simply  stop  because  we  had  a  time  pressure  of 
the  bells. 

Doesn't  the  universities'  interest,  in  a  sense,  run  counter  to  peer 
review  interests  of  the  agencies  in  selecting  the  most  interesting 
projects  to  them?  Wnen  you  say  that  we  snould  be  assured  that 
there  will  be  some  coordination  of  instrumentation  because  the 
proposals,  competitive  proposals,  are  reviewed  by  the  university, 
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what;might  be  of  most:interest  to  the  National  Science  Foundation 
nwnt  not?<fit.with  the} university's  equipment  acquisition  program. 
Wouldnt  thatibe.nqt  necessarily  something  we  could  rely  on  to  co- 
ordinate thesematters? 

Dr.  ^ZDANM.  That  is  certainly  true.  There  aire,  of  course,  the  spe- 
cialize* equipment  grants  which  are  available  to  help  us  in  that 
regard,  and.'there  is  the  private  sector  that  we  call  on  periodically 
for  both- nisfrumentation  itself  and  the  funds  with  which  we  can 
purely  instrumentation. 

From  a  coordination  

Mr;  Walgren.  Four  percent. 

Dr.  Zdanis.  Four  percent.  That  is  true.  But  to  a  considerable 
degree,  the  kinds  of  things  the  university  will  be  interested  in  fos- 
tering are  those  things  where  the  investigators  are  meritorious 
enough  to  be  able  to  get  research  grants.' 

We  think  that  it  enhances  the  viability  of  a  proposal  to  have  it 
presented  in  a  way  which  can  be  coordinated  in  efforts  across  the 
institution.  So,  although  they  are  not  identical,  they  are  certain- 
ly—they  are  looking  at  the  same  problem,  and  they  are  not  as  dia- 
metrically opposed  as  you  may  imagine. 

Mr.  Walgren.  I  wonder  if  there  is  any  way  to  have  an  instinct 
for  or  general  impression  of  the  degree  of  instrumentation  as  pro- 
vided by  special  instrumentation  program  for  the  Federal  Govern- 
ment? 

As  I  understand,  it,  the  Defense  Department  has  a  particular  pro- 
gram thatis  instrumentation  design.  The  National  Science  Founda- 
tion tries  to  take  it  into  account  even  though  they— I  don't  know 
that  they  are  a  line  item  in  the  National  Science  Foundation  in- 
strumentation account— but  the  point  is  that  the  Federal  Govern- 
mtait  provides  54  percent  of  all  the  instrument  funds,  and  a  portion 
ol  that  is  coming  under  specific  instrumentation  programs  coming 
rrom  the  Federal  Government.  Do  you  have  any  instinct  for  the 
matter  of  how  large  that  proportion  is?  How  much  of  our  instru- 
mentation is  done  indirectly,  and  how  much  of  it  is  from  the  Feder- 
al level— is i  being  done  directly  with  the  purpose  of  providing  the 
instrument?  .        r  b 

Dr.  Zdanis.  I  would  turn  to  Milt. 
*u  Mr.  Goldberg.  I  can't  give  a  percentage  answer.  I  only  know 
that  the  largest  proportion  is  being  provided  by  individual  project 

Mr.  Walgren.  So,  the  larger  amount  would  come  through  the  in- 
direct method,  obviously? 

Mr.  Goldberg.  I  don't  know  if  I  would  call  it  indirect,  but  cer- 
tainly individual  projects,  at  least. 

Mr.  Walgpen.  You  folks  would  advocate  a  separate  program  of 
grants  for  equipment  only?  I  gather  the  problem  is  large  enough 
that  you  would  like  to  see  the  Federal  Government  involved  in  this 
with  a  separate  program  for  equipment  only  that  presently  does 
not  exist. 

Dr.  Zdanis.  These  have  been  very  helpful  where  they  have  oc- 
cu";ed,  and  we  would  encourage  other  agencies  to  do  likewise. 

Mr.  Goldberg.  We  would  advocate  a  whole  range  of  activities  of 
which  that  is  one.  As  we  suggested  in  the  recommendations,  there 
are  a  number  of  changes  that  could  be  made  in  Federal  regula- 
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tions,  and  the  universities  could  tidy  up  a  little,  but  it  takes  a 
range  of .; those  activities  as  well  as  direct  Federal  investment,  and 
as  you  say,  indirect  Federal  investment  and  institutional  invest- 
ment, to  really  deal  with  the  aize  of  the  problem. 

Mr.  Walgren.  Do  you  feel  that  there  in  a  need  for  a  mechanism 
to  coordinate  the  efforts  that  we  are  making  to  solve  this  problem? 
Suppose  you  had  a  direct  Federal  instrumentation  grant.  Then  you 
have  the  competitive  applications,  then  the  private  sector  coming 
in  with  '4  percent,  theuniversities  with  32  percent  If  we  are  falling 
short,  obviously  somehow  we  have  to  set  priorities  to  fund  some 
areas  and  not  others.  Even  if  we  are  not  falling  short,  it  would 
seem  that  there  would  have  to  be  a  constant  monitoring  and  ad- 
justment and  an  attempt  to  backfill  where  deficiencies  are  noted. 
What  do  we  have  that  we  can  hold  out  to  the  public  that  they 
should  be  assured  that  that  will  happen  effectively? 

Dr.  Hunt.  Two  things  come  to  mind.  One  is  that  any  program 
should  build  in*  it,  it  seems  to  me,  incentives  that  would  enhance, 
incentives  that  would  enhance  other  sources  of  support  such  as  in- 
creases in  State  and  industrial  funding,  so  that  you  don't  want  to 
create  something  that  will  cause  them  to  withdraw  or  allow  the 
Federal— increase  in  this  program  to  adversely  affect  funding  from 
other  programs.  So,  I  think  that  it  should  be  a  combination  and 
that  the  program  should  clearly  create  incentives  maybe  through 
matching  or  some  other  mechanism  that  will  cause  other  sources  of 
support  to  pick  up  as  well.  That  is  No.  1. 

Two,  it  seems  to  me  the  project-oriented  system— in  a  sense,  you 
are  correct.  It  doesn't  make  for  good,  long-range  planning.  One  of 
the  things  that  we  have  struggled  with,  I  think,  in  our  report  is 
how  can  we  deal  with  this  thing  so  that  m^jor  items  of  equipment, 
the  cost  of  mmor  items  of  equipment,  could  be  spread  over  several 
years  rather  than  having  to  force  it  into  an  individual  year.  That 
would  lead  to  greater  planning,  I  believe,  certainly  would  lead  to 
more  institutional  involvement  in  the  acquisition  process,  if  there 
was  a.  spreading  of  the  cost  as  opposed  to  forcing  everything  up 
front  as  part  of  the  individual  grant  itself.  Now,  that  is  difficult, 
and  I  say  we  have  struggled  with  it  and  have  not  come  up  with  an 
answer  of  how  to  do  that,  but  I  think  that  that  would  lend  itself  to 
more^  institutional  involvement,  give  you  greater  assurance  that  it 
wasn't  iust  the  laboratory  making  the  decision,  but  it  was  an  insti- 
tutional planning  process  that  was  in  place. 

Mr.  Walgren.  To  the  degree  you  use  debt  financing,  that  tends 
to  bring  that  in. 

Dr.  Hunt.  Tends  to  reinforce  that,  yes. 

Mr.  Walgren.  Ms.  Woolsey,  do  you  have  any  suggestions  we 
should  focus  on  to  encourage  debt  financing  approaches  in  the  uni- 
versities? 

Ms.  Woolsey.  One  of  the  things  that  became  clear  to  us  when  we 
visited  universities  is  that  deciding  to  go  into  debt  does  force  a 
more  centralized  view  of  what  the  overall  institutional  future  is 
going  to  be.  That  is  difficult,  sometimes,  to  pull  off  on  campuses  be- 
cause universities  tend  to  be  at  least  as  decentralized  as  the  execu- 
tive branch  of  the  Government. 

I  think  that  the  ability  to  use  more  modern  techniques  of  debt 
financing  and  depreciation  and  deal  with  program  officers  in  the 
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agencies  directly  on  what  one's  needs  are— pregrant  OK's  for  put- 
ting  in  the  order  for  the  new  NMR  machine  because  it  takes  8 
months  to  get  one  once  you  decided  which  one  you  wa*J,  and  that 
means  if  you  have  to  wait  until  the  grant  is  awarded,  you  cannot 
do.  the  research  for  8  months.  Just  .minor  administrative—what 
seem  to  be  minor  administrative  details,  I  think,  would  smooth  the 
way  psychologically  for  the  people  on  campus  to  do  a  considerably 
more  efficient  job. 

I  spent  12  years  in  the  executive  branch  before  I  joined  the  pri- 
vate sector,  and' r  found  most  of  our  time  was  spent  fighting  among 
agencies.  Coming,  back  to  thk  project,  it  became  clear  that  a  lot  of 
time  is  still  spent  fighting  among  agencies  with  the  universities 
and  sometimes  the  clubs  and  that  if  one  could— I  realize  this 
woman  t  be  possible — could  impose  more  consistency  among  agen- 
cies' interpretations  and  more  coordination  in  terms  of  what  is  al- 
lowed, what  is  encouraged,  it  would  enable  those  very,  now  very 
conservative  central  administration  figures  to  become  less  conserv- 
ative because  they  would  not  have  to  meet  the  most  conservative 
guidelines. 

Mr.  Walgren.  Thank  you. 

Let  me  recognize  Mr:  Slaughter. 

Mr.  Slaughter.  Thank  you,  Mr.  Chairman. 

I  think  my  questions  have  been  asked  by  now  but  what  Dr.  Hunt 
was  saying,  and  some  problems  are  outlined  in  the  report,  if  insti- 
tutions could  put  aside  so  much  money  each  year  for  use  of  depre- 
ciation factors,  it  wouldn't  be  desirable  but  we  in  our  case  don't 
have  provision  for  that  in  State  polipy.  I  don't  know  whether  other 
universities  are  allowed  to  use  depreciation  allowance,  I  don't 
know. 

Dr.  Hunt.  I  am  speaking  to  my  former  director  I  want  you  to 
know  here,  but  in  terms  of  State-appropriated  funds,  that  is  abso- 
lutely correct  In  the  area  of  research  grants  and  contracts  where 
indirect  costs  are  retained  by  the  institution,  use  allowances  or  de- 
preciation are  funded  amounts  that  are  retained  by  the  institution 
and  can  be  applied  to  the  purchase  of  equipment. 

I  think  what  we  were  struggling  with  was  the  question  of  wheth- 
er—as opposed  to  doing  it  as  an  indirect— as  recovery  through  the 
indirect  mechanism,  of  being  able,  to  charge  the  cost  of  equipment 
to  multiple  years  of  a  grant  as  a  direct  cost,  or  to  leverage  the 
transaction  through  debt  if  you  had  the  assurance  that  payments 
would  be  made,  funds  would  be  available  for  that.  That  would  help 
to  first  bring  the  institution  more  into  the  picture  and  provide  for 
greater  and  more  strategic  planning,  and  greater  institutional  in- 
volvement m  the  equipment  area.  And  second,  it  would  permit,  I 
think,  acceleration  of  the—permit  us  to  chip  away  at  the  backlog 
or  the  deficiency  that  now  exists. 

Mr.  Slaughter.  Thank  you.  I  don't  have  any  further  questions. 

Mr.  Walgren.  Thank  you. 

Let  me  ask  one  other  question. 

In  the  immediate  response  to  the  shortages  and  deficiences,  there 
has  been  the  thought,  well,  let's  just  pull  the  private  industry  in 
here  and  they  have  up-^to — date  equipment  and  there  are  ways 
that  perhaps  the  universities  could  work  with  the  private  sector  to 
let  their  students  have  access  to  modern  equipment  I  suppose  the 
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correlary  is  that  as  governmental  agencies  we  could  sit  back  and 
watch  TV  at  that  point 

After  about  a  year  of  that,  what  I  heard  was  that  private  indus- 
try doesn't  want  students  in  there  fooling  around  with  their  equip- 
ment and  that  that  was  a  very,  very  weak  reed  to  hope  fo^  and 
lean  on.  Could  you  give  us  any  measure  of  the  degree  of  availabil- 
ity that  the  modern— the  degree  of  availability  of  those  modern  in- 
struments to  the  university  population? 

Dr.  Chaudhari.  Let  me  try  to  answer  that  with  a  slight  editorial 
comment  if  I  may. 

The  universities  do  research  in  very,  very  broad  areas  and  indus- 
try in  general  will  pick  an  area  of  research  that  is  of  interest  to 
them,  and  so  if  you  add  up  all  the  research  that  goes  on  in  indus- 
try, you  will  find  it  is  a  small  fraction  of  the  total  research  going 
on  in  the  universities.  I  think  that  is  important  to  keep  in  mind. 

The  only  commonality  is  a  small  fraction  of  that.  If  you  come 
into  that  small  fraction  you  can  ask;  "Would  we  allow  a  student  to 
come  in  and  with  all  fre  rawness  of  a  student  coming  in  and  play- 
ing around  with  sophisticated  equipment;  would  we  be  willing  to 
spend  time  on  that?1'  Up  to  a  point,  yesf  but  it  would  very  much 
depend  on  the  individual  investigator.  But  nowhere  near  the  kinds 
of  students  you  nee^  to  train  in  the  university.  So  I  don't  think 
that  is  a  solution  to  the  problem. 

I  think  it  is  a  suggestion,  a  gesture  that  allows  you  to  build  good 
will  with  the  university,  helps  the  university,  establishes  contact 
with  researchers.  That  is  just  as  important.  To  that  extent,  I  think 
it  is  very  useful.  I  think  we  ought  to  encourage  that,  yes. 

I  think  to  solve — is  sophisticated  equipment  available  to  universi- 
ty researchers?  The  answer  is  yes,  where  there  is  commonality  of 
interest.  That  brings  you  back  io  the  fact  there  is  only  a  small  frac- 
tion of  research  that  has  commonality  of  Interest  And  where  there 
are  iabs  where  there  is  state-of-the-art  equipment,  that  is  a  factor. 

These  are  all  steps  to  be  taken,  but  they  are  small  steps  toward 
solving  a  mayor  proWem. 

Mr.  Walgren.  I  hear  you  saying  that  that  would  really  apply  to 
the  individual  researcher  who  nad  a  particularly  interesting 
project  that  was— and  was  able  to  establish  the  confidence  of  the 
corporate  counterpart  and  it  would  be  a  very  individual  relation- 
ship. 


Mr.  Walgren.  That  certainly  would  be  nonexistent,  essentially, 
with  respect  to  training  of  multiple  students  university-wide,  or 
training  aspects  that  the  universities  engage  in,  such  as  in  engi- 
neering and  the  like. 

Dr.  Chaudhari.  Yes;  the  emphasis  at  the  industrial  lab  w^ald 
not  be  on  training.  It  would  be  more  in  research  and  the  process  of 
doing  research  where  the  student  would  learn. 

Mr.  Walgren.  Well,  if  there  is  nothing  further  then  

Mr.  Slaughter.  I  have  no  more  questions,  Mr.  Chairman. 
Mr.  Walgren.  We  would  really  want  to  express  our  appreciation 
for  being  a  resource  to  our  committee  and  our  task  force,  and  per- 
haps we  can  develop  some  of  these  areas  that  have  been  touched  on 
by  the  members  and  some  that  have  not  been  touched  on,  and  we 
will  submit  written  questions  for  you  to  respond. 
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With  that,,  we  would  actfourn, the  task  force  until  next  Tuesday  at 
10  a.m.  Thank  you  very  much. 
Mr.  Zdanis.  Thank  you  very  much  for  having  us. 
Mr.  Chaudhari.  Thank  you. 

[Whereupon,  at  11:48  a.m.,  the  task  force  was  actfourned,  to  re- 
convene at  10  a.m.  on  Tuesday,  September  10, 1985.] 
[Questions  and  answers  for  the  record  follow:] 
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QUESTIONS  FOR  THE  HEARING  RECORD 


FINANCING  AND  MANAGING  UNIVERSITY  RESEARCH  EQUIPMENT 
Task  Force  on  Science  Policy 


September  5,  1985 


1.  "This  [testimony]  seems  to  imply  that  funds  have  been  available  for 
this  special  purpose,  although  in  too  small  amounts,  and  it  sug- 
gests that  the  universities,  the  research  agencies  and  the  research 
community  in  general  somehow  failed  to  ask  for  increases  in  this 
special  funding  category.  Is  there  not  also  a  question  of  whether, 
over  these  15  years,  the  priorities  within  the  total  science 
budgets,  both  within  the  individual  institutions,  and  within  the 
state  and  the  federal  science  budgets  have  failed  to  deal  adequate- 
ly with  the  long-term,  emerging  and  important  need?" 


Funds  for  equipment  have  indeed  been  available,  but  not  in  adequate 
amounts  to  support  research1  instrumentation  needs.  Figure  3  on 
page  18  of  our  report  illustrates  the  dropoff  in  total  funds 
available  and  the  decline  of  the  federal  portion  1n  particular. 
The  variation  is  in  inverse  time  progression  to  the  costs  of 
instrumentation  and  the  life  cycle  of  state-of-the-art  equipment. 
The  figure  shows  that  the  problem  still  exists  and  that  the  issue 
has  not  been  dealt  with  adequately. 

2.     "What  is  a  'critical  experiment1  [in  this  context]?" 


The  National  Survey  of  Academic  Research  Instruments  and  Instrumen- 
tation Needs  quoted  on  page  20  of  the  report,  was  designed  and 
conducted  by  Westat,  Inc.  under  the  sponsorship  and  guidance  of  the 
National  Science  Foundation.  Westat  did  not  include  a  definition 
of  "critical  experiment"  in  its  glossary  of  key  terms.  In  the 
absence  of  such  a  definition  we  suggest  language  which,  to  the  best 
of  our  knowledge,  a  faculty  member  might  use  in  responding  to  the 
Question.  Critical  experiments  are  experiments  at  the  forefront 
(cutting  edge)  of  the  discipline,  which  the  state  of  knowledge  in 
the  area  Indicates  are  both:  1)  necessary  to  advance  our  under- 
standing and  development  of  the  field;  and  2)  now  possible  because 
of  current  state-of-the-art  technology. 

3.  "How  large  a  percentage  is  today  obtained  through  competitive 
proposals  prepared  by  individual  faculty  members?  What  are  the 
advantages  and  disadvantages  of  this  way  as  compared  with  providing 
equipment  from  sources  separate  from  the  research  proposal  such  as 
from  university  sources  or  government  equipment  grants?" 
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Answer 


The  1980  NSF  report  entitled  The  Scientific  Instrumentation  Needs 
of  Research  Universities  provides  an  overview  of  the  variety  of 
support  mechanisms  available,  given  adequate  funds.  It  discusses 
the  advantages  and  disadvantages  of  individual  project  grants, 
special  Instrumentation  grants,  regional  instrumentation  centers 
and  other  sources,  and  In  the  process,  makes  ah  eloquent  case  for 
maintaining  diversified  funding  options  to  respond  to  university 
needs.  Both  the  individual  research  grant  and  the  equipment  grant 
mentioned  in  your  question  are  competitive,  as  are  most  funding 
sources  available  to  universities.  Data  on  the  percentage  of 
research  equipment  obtained  through  competitive  proposals  has  not 
been  formally  collected.  Dr.  Eric  Bloch,  Director  of  the  National 
Science  Foundation  estimated  recently  that  approximately  20  percent 
of  total  NSF  resources  is  allocated  to  acquisition  of  equipment. 
It  is  unlikely,  in  his  estimate,  that  the  percentage  can  be  in- 
creased to  25  percent,  although  he  considers  this  a  desirable  goal. 

4.  "It  does  not  appear  too  far-fetched  to  suggest  that  the  general 
deterioration  of  important  parts  of  the  research  infrastructure 
such  as  instrumentation  must  be  attributed,  at  least  in  part,  to 
these  policies  of  little  planning  and  a  priority  on  personnel.  Do 
not  universities,  realizing  the  problem  they  have  created  for 
themselves,  have  an  obligation  to  think  ahead  and  balance  their 
priorities  better?" 


Universities  do  indeed  acknowledge  their  responsibility  for  strate- 
gic planning  and  confirm  their  obligation  to  balance  their  pri- 
orities effectively.  These  Issues  are  addressed  on  page  74  of  our 
report.  Universities  feel  vulnerable  because  uncertainties  of 
federal  funding  patterns  make  projections  difficult  and  unexpected 
cutbacks  confound  existing  plans.  University  basic  research  works 
best  in  long  term  cycles.  Yet,  In  times  of  sudden  budget  shifts, 
universities  feel  the  obligation  to  protect  their  human  resources, 
as  their  roost  valuable  asset.  Once  a  research  team  Is  disbanded, 
it  Is  extremely  difficult  to  regroup.  Clearly,  Industry  also 
experiences  constraints,  but,  operating  largely  In  the  procurement 
mode,  their  constraints  of  planning  and  setting  priorities  are  of  a 
different  nature  than  those  affecting  universities. 

I.  "What  explanation  is  there  for  the  fact  that  most  other  univer- 
sities have  not  done  something  like  the  Iowa  State  University 
Equipment  Inventory  Program  (REAP)?" 


Our  report  makes  the  recommendation  that  universities  consider 
establishing  inventory  systems  that  facilitate  sharing.  One  such 
/nlJn\  1s  the  basis  of  the  researcn  equipment  assistance  program 
(REAP)  at  Iowa  State  University.  REAP  has  many  components  in 
addition  to  shared  use.    For  Instance:   acquisition  of  used  equip- 
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ment,  screening,  expert  repair  and  calibration  services,  transfer, 
scientific  description  of  Inventory,  The  total  package  works  well 
in  the  state  of  Iowa,  given  the  research  volume  at  Iowa  State 
University,  Its  geographic  location  and  research  emphasis.  Because 
2LJts,  location»  Iowa  State  University  has  generally  greater 
difficulty  in  securing  equipment  maintenance  and  repairs  than  do 
universities  in  more  populous  areas  of  the  United  States,  With 
funds  provided  by  the  National  Science  Foundation,  Iowa  State 
university  made  a,  sizeable  Investment  In  setting  up  the  REAP 
Inventory.  REAP  Includes  only  research  equipment,  in  the  science 
and  engineering  area,  selected  to  be  of  sufficient  quality  for 
research  use.  This  Inventory  now  exists  as  a  specialized  system, 
parallel  with  the  much  larger  general  accounting  inventory.  Other 
universities  which  consider  setting  up  comparable  systems,  are 
acutely  aware  of  the  expense  of  start-up  and  maintenance,  including 
the  substantial  faculty  participation  that  Is  required  to  set  up 
the  expanded  scientific  descriptions  on  which  the  system  1s  based. 
The  total  REAP  system  may  not.  be  cost  effective  for  all  univer- 
sities, but  most  will  find  elements  of  it  useful. 

6,  "How  does  the  situation  today  with  respect  to  the  current 
state-of-the-art  of  instrumentation  available  to  researchers 
compare  with  what  scientists  faced  in  1965  or  even  in  1935?"  Or, 
to  put  it  In  a  different  way,  do  scientists  ever  feel  that  they 
have  available  the  most  up-to-date  equipment?" 

Answer 

Science  Itself  requires  the  continuous  development  of  instruments 
with  greater  sensitivity,  precision  and  speed.  Only  by  developing 
and  using  improved  instruments  and  techniques  can  Investigators 
push  back  the  frontiers  of  knowledge.  Our  report  concerns  Itself 
with  the  inability  of  the  scientific  community  to  acquire  the 
state-of-the-art  Instruments  that  their  colleagues  in  the  indus- 
trial sector  and  domestic  and  foreign  competitors,  are  using  in 
their  day  to  day  research.  It  Is  in  tne  scientific  enterprise 
itself  and  In  the  International  economic  and  technological  arena 
that  the  difference  between  1985  and  1965  lies.  Our  technological 
and  economic  competitiveness  cannot  be  maintained  without  recogniz- 
ing the  continuous  need  to  invest  in  advanced  research  Instruments 
and  university  laboratories. 

7.  "Why  should  It  be  the  government's  policy  to  pay  the  "full  cost  of 
research?"  How  can  we  justify  the  gradual  broadening  of  indirect 
cost  recovery  on  research  grants  into  areas  less  and  less  connected 
to  research  under  the  "full  cost"  doctrine?" 

Answer 

There  seems  to  be  a  fundamental  misunderstanding  about  the  meaning 
of  the  term  "full  costs  of  research."  When  the  government  funds 
an  individual  university  research  project,  It  never  pays  the  full 
costs  of  that  project.  Federal  funds  help  to  house  and  conduct  the 
project  in  an  already  existing  Institutional  environment.  Federal 
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funds  leverage  institutional  resources  and  may  trigger  other  third 
party  support.  Unlike  industry,  universities  do  not  receive 
independent  research  and  development  funds  (IR&D).  Universities 
build  their  own  capacity  through  independent  research  and  instruc- 
tion from  which  their  research  base  is  developed.  The  significance 
of  the  larger  institutional  base  that  supports  academic  science 
must  not  be  underestimated.  Its  value  lies  in  the  large  group  of 
scientific  expertise  with  complementing  talent  put  together  care- 
fully over  a  number  of  years,  where  dialogue  among  disciplines  has 
been  nurtured  for  decades.  It  allows  you  to  bring  to  bear  the 
concentration  of  a  small- group  on  a  particular  project  for  a  brief 
penpd  of  time.  Only  the  most  direct  "full  cost"  components  are 
charged  to  the  sponsors  of  the  research  project.  The  recovery  of 
indirect  costs  is  based  on  audited  documentation  of  incurred 
research  expense,  pursuant  to  rules  established  by  the  government. 

8,  "One  way  to  reduce  the  need  for  the  government  to  be  heavily 
involved  in  the  detailed  decision-making  about  moneys  as  they  are 
budgeted,  spent  and  recovered  for  such  things  as  instrumentation, 
is  block  funding.  In  the  long  term,  should  federal  science  support 
rely  more  on  such  block  grants  and  other  mechanisms  in  order  to 
decentralize  decision-making  to  the  universities  themselves?" 

Answer 


Block  funding,  as  exemplified  by  NSF's  Materials  Research  Centers, 
is  an  effective  way  to  decentralize  governmental  decision-making 
processes  and  to  increase  flexibility  in  granting  prior  approvals. 
There  are  others.  PHS  and  NSF  have  implemented  a  variety  of  other 
mechanisms  which  delegate  decision-making  to  the  university  level. 
The  NSF  Organizational  Prior  Approval  System  was  expanded  to  all 
universities,  after  two  phases  of  careful  testing.  It  shifts  the 
locus  of  decision-making  with  regard  to  certain  budget  approvals 
from  the  government  to  the  universities.  The  PHS  has  recently 
completed  its  experiment,  the  purpose  of  which  was  to  evaluate  the 
effect  of  extending  its  existing  prior  approval  list  to  univer- 
sities by  an  additional  ten  items.  We  understand  that  PHS  is 
satisfied  that  it  can  rely  on  the  universities  to  manage  their 
grants  well.  Target  date  for  implementation  of  a  comprehensive  PHS 
Institutional  Prior  Approval  System  is  April  1986. 

We  hope  that  other  federal  agencies  will  in  turn  be  open  to  explore 
innovative  ways  to  decentralize  government  decision-making.  For 
that  reason,  we  welcom*  the  plan  to  make  the  State  of  Florida 
System  the  locus  of  a  demonstration  project  on  a  government-wide 
basis. 

"It  now  appears  highly  likely  that  the  size  of  the  pie  from  which 
all  federal  research  support  must  come  will  remain  fixed  in  the 
foreseeable  future,  or  only  expand  slightly.  If  that  is  the  case, 
where  within  that  total  research  budget  can  we,  in  your  opinion, 
make  modest  decreases  \i  funding  levels  in  order  to  provide  the 
resources  for  the  needs  for  scientific  equipment  at  the  univer- 
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Answer 

I*  is  vitally  important  that  we  do  not  mortgage  our  future  by 
failing  to  allocate  appropriate  resources  to  university  research, 
including  facilities  and  equipment.  Even  if  the  total  R&D  invest- 
ment remains  fixed,  the  health  of  the  research  enterprise  can  be 
maintained  by  further  reallocations  of  funds  from  the  federal 
development  activities  into  long-term  research.  This  general 
policy  objective  has  been  supported  by  the  President's  Science 
Advisor. 

10.  "How  could  this  [research  equipment  problem]  occur  without  anyone 
in  either  the  universities  or  the  government  science  agencies 
detecting  that  a  gradual  decline  was  taking  place?" 

Answer- 

The  present  situation  is  not  a  sudden  crisis.  It  has  been  the 
focus  of  sustained  attention.  Pertinent  studies  referenced  in  our 
report,  span  the  period  of  the  last  decade.  The  State  of  Academic 
Science,  published  in  1978,  describes  the  status  ot  federal  support 
for  university  research  and  development  from  1945  and  traces 
changes  through  the  mid  1970s.  It  speaks  of  the  growing  serious- 
ness of  the  problem.  The  American  Council  on  Education  reviewed 
expenditures  for  scientific  research  equipment  at  Ph.D  qranting 
institutions  for  FY1978.  In  1980,  a  report  was  published  for  NSF, 
The  Scientific  Instrumentation  Needs  of  Research  Universities 
This  was  ton  owed  in  1981  by  an  update  entitled,  ThTljatTbiTs 
Deteriorating  University  Research  Facilities,  a  survey  of  recent 
expenditures  and  projected  needs  in  fifteen  universities.  In  1982, 
the  National  Academy  of  Sciences  sponsored  a  workshop  on  "Revi- 
talizing Laboratory  Instrumentation."  All  these  studies  were 
considered  by  the  GAO  for  its  review  of  equipment  needs  of  US 
universities,  published  in  April  1984.  Later  that  year,  the  Westa* 
study,  entitled  Academic  Research  Equipment  in  the  Physical  and 

»?»l!"^!!»:^ie.nces     anfl     Engineering     was     published.  The 

AAU/CObR/NAbULliU  study,  on  wnich  tnese  hearings  focus,  is  thus  only 
another  in  a  long  series  of  warnings  sounded  with  increased  urgen- 
cy . 

11.  "For  most  of  the  decade  of  the  1970s  and  into  the  early  1980s  the 
universities  themselves  behaved  largely  as  dependents  of  the 
government,  abdicating  their  responsibility  for  infrastructure  and 
biding  their  time  until  federal  facilities  programs  were  resumed. 
In  your  view,  can  anything  be  done  to  bring  about  a  change  in  this 
attitude  on  the  part  of  the  universities?" 


Answer 


Universities  have  warned  since  the  late  1970s,  as  the  quoted 
governmental  witness  acknowledges,  that  the  research  infrastructure 
is  troubled.  In  response,  institutions  have  not  taken  a  passive 
c?nn^lSn-  11  fr?5?  thn  Althou9h  government  facilities  investments 
stopped  in  the  mid  1960s,  universities  have  been  and  will  continue 
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to  refurbish  their  facilities  to  the  limits  of  their  resources. 
But  absent  federal  participation,  university  effort  in  real  dollar 
terms  has  been  eroded  to  the  point  that  institutions  generally  are 
able  to  meet  less  than  half  of  their  accumulated  needs.  Since 
instruction  and  research  require  modern  Instruments  and  facilities, 
universities  are  acutely  aware  that  the  quality  of  their  Instruc- 
tional programs,  the  faculty  they  can  attract,  and  the  quality  of 
their  research  all  depend  on  the  facilities  and  support  systems  the 
institution  offers  to  faculty,  staff  and  students.  This  awareness 
requires  competitive  universities  tc  adopt  creative  and  activist 
strategies.  Passive  postures  in  the  present  climate  are 
self-defeating. 

12.  "In  your  opinion,  what  would  be  the  advantages  and  disadvantages  of 
[such]  a  fixed  percentage  rate  for  the  Indirect  cost  coverage,  and 
specifically,  would  it  be  helpful  to  the  universities  in  giving 
increased  flexibility  to  the  acquisition  of  research  equipment?" 


To  replace  the  audited  reimbursement  of  expenditures  with  an 
arbitrary  formula,  in  the  sense  of  a  uniform  fixed  percentage  will 
not  result  in  a  realistic  or  equitable  determination  of  indirect 
costs.  It  would  not  be  based  on  the  principle  of  cost  reimburse- 
ment, so  it  would  be  arbitrary  and  likely  to  be  unsatisfactory  to 
both  the  universities  and  the  government.  Rates  vary,  depending  on 
the  size  of  the  university,  its  organization,  its  geographic 
location,  the  nature  of  its  research  and  the  degree  of  support  It 
receives.  In  different  university  settings,  It  is  logical  to  treat 
the  same  kind  of  cost  as  indirect  or  direct.  A  statutory  limit  on 
indirect  cost,  ignoring  individual  circumstances,  would  not  lead  to 
a  reduction  In  Indirect  cost,  but  at  best  to  a  redistribution, 
which  would  not  settle  the  matter  to  anyone's  satisfaction.  C06R 
recently  addressed  this  Issue  in  greater  length  in  response  to  the 
question  on  the  Task  Force  Agenda  "Is  it  possible  to  replace  the 
pressnt  complex  Indirect  cost  system  with  a  better  system?" 

13.   "To  what  extent  have  the  universities  been  setting  aside  the  use 
charges  as  reserves  against  future  replacement  of  equipment  needs?" 


The  government  does  not  reimburse  universities  for  use  or  depre- 
ciation of  government  purchased  equipment  and  facilities.  However, 
the  government  has  agreed  that  indirect  cost  may  Include  an  amount 
for  depreciation  or  use  allowance  on  research  equipment  and  facil- 
ities purchased  with  university  funds  and  used  on  federally  sup- 
ported research.  Government  reimbursement  of  depreciation  and  use 
allowance  is  committed  to  pay  the  bills  for  those  prior  university 
purchases.  If  an  Institution  were  to  use  those  funds  as  a  "set 
aside"  to  purchase  new  equipment  and  facilities,  it  could  not  pay 
for  previously  purchased  Items.  The  problem  is  one  of  obtaining 
funds  for  modern  equipment,  and  one  of  the  need  for  a  systematic 
means  of  repayment  of  university  research  equipment  purchases. 


Answer 


Answer 
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14.  How  does  Industry  manage  to  acquire  and  make  available  to  their 
research  staff  the  most  modern  equipment  and  what  lessons  can 
government  and  the  universities  learn  from  Industry  in  this  area?" 

Answer 


Industry  clearly  recognizes  the  need  to  invest  1n  the  latest 
state-of-the-art  equipment.  A  glance  at  the  most  progressive  U.S. 
corporations  shows  the  benefits  from  these  investments.  Industry 
of  course  is  supported  by  a  favorable  tax  structure  which  allows  it 
to  use  the  accelerated  cost  recovery  provisions  of  the  1981  Tax  Act 
as  one  of  many  business  Incentives.  When  these  incentives  were  not 
available  Industry  was  forced  to  be  more  conservative.  To  Illus- 
trate this  point,  it  is  interesting  to  contrast  the  effect  of 
depreciation  rates  on  the  resources  of  computer  chip  manufacturing 
firms  to  those  of  regulated  telecommunication  companies,  or  the 
steel  Industry.  One  Industry,  for  example,  had  to  work  with 
outdated  switching  gear  because  of  a  50  year  write-off  restriction. 
The  universities  to  this  day  are  still  laboring  under  unrealistic 
use  allowance  policies  prescribed  by  the  government.  While  indus- 
try may  depredate  research  facilities  over  a  seventeen  year 
period,  it  has  only  just  been  recommended  that  universities  be 
permitted  to  assess  the  average  useful  life  of  a  research  facility 
at  twenty  years,  rather  than  the  presently  mandated  fifty  years. 
On  a  parallel  basis,  the  concept  of  average  useful  life  of  fifteen 
years  for  a  piece  of  university  research  equipment,  on  which 
current  use  allowance  reimbursements  are  based,  is  inequitable  and 
unrealistic.  ^ 


15.  "The  debt  financing  method  has  been  explained  in  detail.  What  are 
the  reasons,  in  your  experience,  why  that  financing  method  has  not 
been  more  widely  used  in  the  universities?" 

Answer 

Our  report  discusses  the  constraints  on  debt  financing  in  a  special 
chapter  (see  pages  56-58)  and  surveys  instruments  for  debt  financ- 
ing 1n  Appendix  1.  Essentially,  universities  are  reluctant  to  use 
debt  'financing  to  a  greater  degree  than  they  already  do  because 
there  is  no  systematic  means  to  assure  adequate  repayment  and 
because  debt  limits  future  flexibility. 

16.  ''Do  we  have  any  data  on  how  much  such  [donated  research]  equipment 
is  being  donated  to  the  universities?" 

Answer 

Data  on  gifts  of  company  products  and  other  property  is  reported  as 
part  of  the  1983  t  1984  survey,  Voluntary  Support  nf  Education, 
prepared  by  the  Council  for  Financial  Aid  to  tducatHon  (CFAE).  Out 
of  a  total  of  $280  million,  or  6  percent  of  total  voluntary  sup- 
port, company  products  accounted  for  $116.8  million.  Equipment 
giving  is  likely  to  be  adversely  affected  bv  the  uncertainty  in  the 
tax  system,  as  well  as  market  conditions  and  production  schedules. 
Finally,  1t  would  be  beneficial  to  instructional  programs  if  the 
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tax  provisions  were  broadened  to  include  donation  of  instructional 
equipment. 

17.  "Is  the  incentive  on  industry  to  donate  research  equipment  to 
universities  having  the  effect  that  modern  equipment  is  being  given 
to  universities,  or  is  it  in  fact  obsolescent  equipment  that 
reaches  the  universities  when  industry  replaces  its  own  equipment 
with  more- up-to-date  instruments?" 

Answer 

Under  the  old  tax  structure,  only  straight  donations  were  attrac- 
tive to  industry.  These  donations  were  not  linked  to  any  stipu- 
lations regarding  age  of  the  donated  equipment,  and  as  a  result, 
universities  tended  to  receive  older  equipment.  The  Economic 
Recovery  Tax  Act  (ERTA)  of  1981  changed  this  to  require  that 
equipment  be  donated  within  twenty-four  months  from  the  date  of 
manufacture.   Universities  are  receiving  modern  equipment. 

18.  "What  is  the  best  administrative  process  to  foster  increased  use  of 
shared  or  pooled  equipment  within  the  institution  or  even  among 
neighboring  institutions?   Would  further  centralization  help?" 

Answer 

According  to  th>  1984  NSF  (Westat)  report,  nearly  half  (45  percent) 
of  all  in-use  research  equipment  in  the  1982  national  stock  was 
located  in  shared-access  facilities.  High  cost  instruments  are 
routinely  shared  across  department  lines.  As  research  instruments 
become  more  costly  to  acquire,  operate  and  maintain,  economies  of 
scale  operate  to  force  naturally  greater  sharing,  centralization 
and  remote  access.  Decisions  to  share  instrument  resources, 
however,  must  be  based  on  academic  needs,  expressed  and  directed  by 
research  faculty,  in  compliance  with  the  principles  which  initially 
governed  the  acquisition  of  equipment.  Administrative  attempts  to 
force  shared  use  artificially  generally  do  not  work. 

19.  "How-  successful  have  the  NSF  Regional  Instrumentation  Centers 
been?"  Is  this  a  concept  that  should  be  substantially  expanded,  or 
is  it  limited  to  certain  types  of  equipment?" 

Answer 

The  1980  NSF  report,  The  Scientific  Instrumentation  Needs  of 
Research  Universities  discusses  Regional  Instrumentation  Centers  at 
an  early  stage  in  their  development.  We  do  not  have  more  recent 
assessments,  but  the  number  of  these  centers  is  not  expanding. 

20.  "Do  you  see  any  merit  in  such  an  approach  [grants  for  equipment] 
(which  would  be  similar  to  what  the  Fuqua  bill  would  do  for  re- 
search facilities)?" 
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Answer 

Thnre  1s  substantial  merit  to  Instrumentation  grant  programs  for 
large  equipment.  The  success  of  th?.  Department  of  Defense.  Univer- 
sity Research  Instrumentation  Program  is  concrete  evidence  of  «,hat. 
Similar  programs  have  been  Introduced  by  NSF,  DOE,  and  NIH  We 
refer  to  Appendix  C  1n  our  report  for  a  comprehansive  11st  of 
available  programs,  and  to  the  1980  NSF  report  mentioned  above,  for 
a  substantive  review.  However,  such  programs  should  not  be  seen  by 
the  investigators  as  a  reduction  1n  funds  directly  available  to 
conduct  research.  They  should  rat  -r  become  part  of  a  comprehen- 
sive Investment  .strategy  that  combines  competitive  grants  for 
large,  costly  equipment  with  awards  for  smaller  projects  Including 
Instrumentation.  3 

21.  "Given  that  the  federal  government  1s  estimated  to  have  provided  54 
percent  of  all  Instrument  funds  ii  1982-83,  how  much  1s  that 
percentage  today,  in  your  judgment,  as  the  result  of  those  Initia- 
tives? 


Answer 


Data  are  unavailable  to  answer  this  question. 
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Highlights 

Higher  Education 

■  Total  «>luniary  support  rw  $440  million  In  1983**4  to  in  estimated  «  f>  hillion.  up  8.5  perce nt  fnxn 
1982-83 

■  Corporate  mpport  rose  14.3  percent  and  prwfcled  a  record  22.7  percent  of  ill  pfts.  Gifts  from 
nonalumnVac  Indhlduals  edfccd  put  those  from  alumnVac  for  the  first  time  lince  19TT-78 

Reports  from  Participating  Institutions  ihow  that 

■  Cifti  of  property  totaled  $279.5  million.  IndndinR  $116  9  million  (n  company  product! 

■  Corporate  inatchinjt-pft  grants  totaled  $78.8  million 

•  Alumnl/ae  pfti  to  the  annual  fund  rose  5.4  percent,  the  a>*riRc  RiA  wu  a  record  ilU  wand  a  record 
20  4  percent  of  alumnl'ae  responded  to  annual-fund  drives 

Independent  Secondary  and  Elementary  Schools 

Reporti  from  the  Independent  Schooli  Indicate  Out 

■  Tlie  451  participant!  received  $280  million  in  I9S3^I  versus  $276  million  reported  in  I9W-&J  hy  4S0 
icbonli 

■  CifU  from  individuals  accounted  for  75  5  percent  of  all  pfts 

■  A  record  28  8  percent  of  alumnl'ae  8**  a  record  a%*rige  pft  of  $129  21  to  the  annual  fund,  a  6  8  percent 
increase  o\er  1982-83 
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Additional  top*i.  $20.00  per  copy  prepaid.  Council  tar  Firunclil  Aid  to  Eduction.      Fifth  Avrnue.  Sew  York.  SY 10T  9 
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Voluntary  Support  of  Education  1983-84 


»W*ec 


Hid* r  Eduction 


i"*it  1.     Nitloni)  Estimates 

Institutional  EipcrxJjfurrs  And  Uduntuy  Support 

I"*it  II.   Survry  Ilrsults 
TV  Hcdpimti 
The  Donor* 
The  Purposes 


t>eUili  of  Support  by  Nrt  Wpaiins;  liutftuiions 
Independent  Seeoodary  And  Elementary  Schools 
Institutions  Reporting  (he  lifebelt  ToUlt 


Appendii                  HUeA.  \blunta/y  Support.  Coltctrs  and  UnivmitJel. 

"QUcB.  CoUc^m  And  UnKrrxJtJes  Beportinr,  In  Both          »nd  IV&Si 

TaUc  C  \WuntAiy  Support.  Independent  Sckoli,  1Q834I 

TkblcD.  Independent  Schools  BeportlnjJn  Both           And  |Gmt 

TiMeE,  Voluntary  Support  of  Higher  Education.  Ly  Source  And  by  Purpote  <3 

Table  F.  Estimated  Total  \WuntAiy  Support  of  Higher  Education,  IW*30  to  1&S3-W  7» 
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^  ^r*n*  Iroo  the  ReAder'i  Dijest  Foundation  Assisted  CFAE  la  meeting  the  costs  of  producing  this  survey. 
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Higher  Education 


Chart  1.  Ejtim«*^\bhjnUfySapport^CoiJ<^Mand 
UtwnWM  by  Major  tourer*  and  In  Total  (ms»on«o<dooart} 
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National  Estimates 


■  Total  ccetfbuttons  to  higher  education  tocreascd  by 
HWmiCioobM8a*4to»a«Umjt^(5.8bmk».Thc 
8.3  percent  borue  bettered  the  &2  peroeot  rbc  la 
1962-83  tod  to  the  cloth  successive  tnmaJ  rise  fa 
voluntary  support 

■  Corporate  gffb  rose  14.3  percent,  t  greater  inert  tse 
than  from  tny  other  dooor  group 

■  Gifts  froca  nonahminVne  individual*  edged  post  those 
from  shjamUse  for  the  first  time  since  1977*78 

■  Gifts  for  current  operations  rote  Cuter  thtn  those  for 
capitxj  purposes,  growing  by  0.0  percent 

Voluntary  support  of  colleges  tod  universities  fncrensed 
fa  199344  tor  the  ninth  year  In  t  raw  At  $5.6"  UOfon  fa 
wluaUry  rupport  hm  toore  than  doobtod  rinoc 
2974-75.  the  Ust  yetr  to  which  gifts  declined 

The  8.3  percent  rise  to  voluntary  support  was  more 
thtn  double  the  taJbtion  rate  of  3.7  percent  as  measured 
by  the  Consumer  Price  Index  (CPI)  and  was  greyer  thtn 
the  5.4  percent  rise  fa  the  cost  of  goods  nod  services 
purchased  by  higher  education  institutions,  as  measured 
bytheHl^r^tocf^l>iceIndaaiEPl>(SeeC/kVf7 
aadnfcfcft 


■3y 

Ctftj  from  nofuhimnVae  Individuals,  which  topped  those 
from  tirunnVae  tor  the  first  time  since  1877.78,  accounted 
tor  23  S  percent  of  total  voluntary  support.  Corporate 
support  continued  ft*  meteoric  rise,  registering  1 14  3 
percent  gab  over  the  1902-83  total  and  providing  £2.7 
percent  of  tU  r>V  Thfa  fa  the  £flh  corucevtive  >-*r  tiust 
corporations  have  Increased  their  rapport  of  cot,  jtsand 
universities  by  double-digit  percentages.  Foundttioo 
gifts  comprfaed  t  slightly  smaller  share  of  tots]  voluntary 
support,  having  chopped  from  239  percent  cfall  gifts  ten 
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yean  ago  to  19.3  percent  ta  1963-84- 

Some  of  the  rise  fa  corporate  gifts  molted  from  t  surge 
fa  pfts  cf  products  asssdactuced.  by  the  corporations. 
The*  jjfts  were  encouraged  by  the  Economic  Recovery 
Tlx  Act  of  1961  (EKTAX  which  provided  enhanced  tax 
deductions  for  products  donated  to  coDegrs  for  uw  in 
research  and*trafafag  fa  research.  Ia  the  1983-84  survey 
1.113  colleges  reported  receiving  gifts  of  company  prod- 
ucts valued  at  $117  miHioo,  almcrt  twice  the  $39  million 
reported  fa  1982-83.  Corporibotu  also  gave  almost  $43 
million  fa  other  kinds  of  physical  property,  such  as  used 
equipment,  vehicle*,  land  and  other  surplus  Items. 

C*fb  from  ikmnV»c  roomed  their  upward  climb  with 
a  5.4  perccat  increase  after  t  sraaQ  decline  fa  1962-83. 

Religious  organizations  registered  a  7.8  percent 
decrease  fa  support  In  1983-84.  The  drop  fa  the  Impor- 
tance of  gifts  from  rtlitpous  organizations  h  consistent 
with  s  trend  seen  fa  the  last  25  years.  Rchgious  groups 
provided  10.3  percent  of  all  prtrate  gifts  fa  1958-59;  they 
provided  3,4  percent  fa  196384/ Many  of  the  private 
eoDeges  that  were  once  either  church  related  or  church* 
controlled  have  since  become  independent  and  thus  rely 
less  on  support  from  their  religious  affiliation  than  in  the 
recent  past. 

The  one-year  changes  fa  gWfag  between  1962-83  and 
1963-84  are  consistent  with  patterns  seen  fa  the  last  five 
survey  years.  Corporate  gifts  have  more  than  doubled; 
gifts  from  nonalurnni/ae  Individuals  have  grown  at  a  faster 
rate  than  gifts  from  both  alumnVae  and  foundations.  Sup- 
port from  rebglous  organizations  has  grown  ooly  slijrjitly. 
C&s  &oa  all  donor  groups  except  refcgow  ot^anizations 
have  outpaced  th*»  rises  in  both  the  CP1  and  the  HEPI, 

By  Purpose 

The  questions  on  the  survey  about  donor  purposes  were 
changed  considerably  fa  196344.  so  that  the  data  col 


lected  were  not  comparable  with  those  collected  in  pre- 
vious years.  The  only  estimates  about  donor  purposes 
possible  to  1983-84  are  for  gifts  for  current  operations  and 
for  capital  purposes.  As  more  data  are  accumulated  fa 
future  surveys,  detailed  estimates  about  changes  in  the 
purposes  for  which  gifts  are  made  will  again  be  possible. 

Just  over  three  fifths  of  voluntary  support  was  desig- 
nated for  current  operations  in  1933-84.  Prior  to  1969-70 
less  than  half  of  all  private  gifts  were  channeled  into 
current  operators-  In  the  first  half  of  the  1970s,  slightly 
more  thin  half  of  the  gift  dollars  went  to  current  opera* 
lions,  since  then  more  than  60  percent  of  the  fundi  rJsed 
have  been  designated  for  current  operations.  Increased 
fund  raising  by  pubhdy  supported  institutions  is  respon- 
sible for  some  of  this  reversal.  More  thin  two  thirds  of  the 


funds  public  institutions  raise  are  for  current  operations 
rather  than  for  capita]  purposes. 

Institutional  Expenditures  and  Voluntary  Support 

voluntary  support  is  only  one  factor  in  the  economic 
situation  of  colleges  and  universities.  College  adminis- 
trators must  be  concerned  with  the  impact  of  enrollment 
changes  and  inflation  on  total  expenditures.  Tahiti  exam- 
ines these  factors  and  presents  some  good  news 

The  long  projected  enrollment  declines  have  not  yet 
occurred,  so  that  the  student  population  has  remained 
fairly  constant  for  the  last  ten  years.  Inflation,  as  meas- 
ured try  both  the  CPI  and  the  HEPI.  has  stowed  since 
19S0-81.  thus  lessening  the  pressures  of  the  previous 
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decade  cc  college  budget*.  Institution!]  eipenditures 
continued  to  pw  fa  the  1990*.  but  were  not  driven  as 
much  by  bjstioo  fa  that  period  u  in  the  1930s  and  1970*. 
CoBege*  turned  thsfr  attention  to  several  areas  that  had 
been  neglected  daring  tlx?  yt*«  rfKfrf>  fofl«rt?Q'  Km  fry 
salaries.  Libraries.  Uhontorfc*  tnJ  forf™^*-,*]  MVfrt, 
plant  mttotenMxe  end  reptfe  At  a  ressh  ezpenditum 
per  student,  which  can  ten*  as  one  measure  of  educa- 
tional quality,  increased  between  199041  and  VS&U 
both  ta  current  doQsrs  and  as  adjusted  fee  faltffaa.  These 
improvements  cAen  were  funded  by  tuition  faxnMjes. 

VUonttrysuppoitgiew  at  fitster  rates  than  institutional 
expenditures  between  W75-78 and  M83-M  and  therefcre 
provided  an  increasing  sham  of  cou^  budgets.  Stul, 
Sifts  have  not  assumed  the  same  degree  of  Importance  ta 


college  and  untvertity  budgets  as  fa  the  1950s  and  I960*. 

The  fixture  win  continue  to  present  dulcultiesfcr  fasti, 
tutiona]  budgets.  Uncertainties  about  the  availability  of 
loan  finds,  together  with  the  threat  of  higher  interest 
costs,  msy  mate  some  potential  students  put  offgotag  to 
coBege  at  the  present  doe.  Critics  are  now  questioning 
the  effectiveness  of  much  of  higher  education,  putting 
additional  pressures  on  college  adinlnlstnton  and  fac- 
nlties  to  (rnprove  thequabty  of  the  instruction  cflered  and 
thus  indirectly  suggesting  even  higher  tuition  rises. 

Th*t  coctributiccj  have  continued  to  increase  and  now 
outpace  inflation  Is  evidence  that  higher  education  has 
been  able  to  plead  its  case  well  in  the  past.  With  continu- 
ing «5xts  at  KKimprovcrnent  when  cvxeujjy.  H  jWU 
be  able  to  con  tin  oe  to  do  so  fa  the  future. 
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■  The  1.118  respondents  repotted  gifts  of  $4  68  billion 
In  1963-84.  la  avenge  of  $4  184  million  per  Institu- 
tion 

■  The  923  uutitutions  la  both  the  1962-83  sad  the 
1963-84  surveys  report  ed  «n  Increase  (a  total  support 
of  9.4  percent.  Ctfts  to  doctoral  Institutions  grew  by 
12.3  percent,  to  all  public  institutions  by  10  3  percent 
and  to  aD  private  Institutions  by  9.0  percent.  Corpo- 
rate support  rote  13.8  percent 

■  Clfts  of  property  totaled  $278  5  million,  including 
$116.87  million  in  company  products,  84196  million 
In  corporate  gifts  of  other  property  aad  $119  67  mil- 
bon  of  hvlrfnd  Items  from  aD  other  sources 

■  Corporate  support  from  matching  gifts  defined  by 
2.5  percent  to  a  total  of  $78.8  million,  but  the  average 
match  reached  a  record  $238  82 

■  AhimnVae  gifts  to  the  annual  fund  grew  by  5.4  per- 
cent, the  average  gift  was  a  record  $113,40.  and  a 
record  20  4  percent  of  aD  aluranVae  solicited  gave 

■  Almost  three  fifths  of  all  contributions  were  made  for 
current  operations 

■  Three  quarters  of  aD  gifts  carried  restrictions  #bout 
their  use 

This  section  of  the  survey  report  uses  the  actual  figures 
reported  by  the  participants  to  provide  two  kinds  of  analy- 
sis: 1}  detail*  of  the  support  raised  during  the  year  by  the 
respondents— from  whom,  by  whom  aad  for  what  pur- 
pose; aad  2)  changes  from  year  to  year  and  over  longer 
periods  of  time. 

Analyzing  results  over  time  presents  difficulties  not 
encountered  In  analyses  of  a  single  years  results.  Many 


Institutions  respond  to  the  questionnaire  every  year,  but 
some  participate  only  sporadically.  Meaningful  compari- 
sons between  years  require  identical  groups  of  respond- 
ents— a  "core"  group  of  Institutions  that  report  for  each  of 
the  years  compared.  This  group  Is  always  smaller  than  the 
total  number  of  respondents  (a  any  single  year. 

The  jurvry  Kai  kWitioruJ  ccxnpiioalioni.  It  was 

restructured  to  reflect  the  sources  and  purposes  for 
reporting  gift  income  as  defined  la  Uancgemmt  Report' 
Ing  Sundsrdj  for  Educational  Intttiutiont'  Fund  Raiting 
and  Rtkttd  Actiritiit.  published  by  the  Council  for 
Advancement  and  Support  of  Education  and  the  National 
Association  of  College  and  University  Business  Officers. 
The  questionnaire  therefore  asked  for  almost  twice  as 
many  details  about  contributions  as  In  the  past;  a  donor 
group— parents — was  added,  and  the  donor  purposes 
were  changed  drastically  to  reflect  more  accurately  fund- 
raising  activities  and  university  accounting  procedures. 
These  changes  made  comparison  over  time  even  more 
difficult  than  la  the  post,  but  In  the  long  run  will  provide 
more  useful  data. 

In  addition,  the  participating  institutions  are  now 
grouped  according  to  the  National  Center  for  Education 
Statistics  (NCES)  classification  structure.  This  system 
places  Institutions  Into  homogeneous  groupings,  enabling 
more  meaningful  comparisons  than  In  the  past.  Abo.  the 
data  gathered  (a  this  survey  cm  new  be  utilized  (a  con- 
nection with  other  data  bases  that  use  the  NCES  struc- 
ture. 

NCES  defines  five  major  categories  of  Institutions: 
1.  Doctorate^rantlnflrutltutloni.  Universities  that 
are  very  active  at  the  doctoral  level,  granting  a  mini- 
mum of  30  doctorates  In  3  or  more  doctoral-level 
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programs,  including  fim-profcuxxuHcvcl  medical 
degrees. 

2-  Ctmprrtunkt  Inrtitvticnr.  Colleges  and  univer- 
sities that  have  strong  postbaccalaureate  programs, 
but  not  significant  doctoral-level  activity,  granting  a 
minimum  of  30  postbaccalaureate  degrees  (includ- 
ing masters  and  some  doctorate  and  £nt-prdes< 
stood  degress} 
3  GentrdbtccahrurtaU  institutions.  Those  whose 
primary  emphasis  is  on  general  undergraduate,  bac- 
calaureate education  They  grant  baccalaureate 
degrees  fa  3  or  more  baccalaureate  programs  or  in 
faterducrplfaary  studies  (with  ever  75  percent  of 
their  degrees  at  the  baccalaureate  level  or  above) 
and  (ewer  than  30  postbaccalaureate  degrees. 
4.  Professional  and  specialized  Institutions:  Those  that 
are  baccalaureate  and  postbaccalaureate  institutions 
with  a  programmatic  emphasis  in  one  area,  usually  a 
professional  field  such  as  business,  engineering, 
medicine,  theology  or  art. 
5  TwoyeirinttitiiHoni.  Schools  that  confer  more  than 
75  percent  of  their  degrees  or  awards  for  2  years  of 
work  and  less  than  25  percent  at  the  baccalaureateor 
postbaccalaoreate  level.  (Institutions  with  a  two- 
year  upper-division  program  do  not  fill  to  thrs  cate- 
gory, since  they  cfier  the  baccalaureate ) 
The  institutions  to  each  of  these  categories  are  further 
divided  by  their  control— that  is,  private  and  Indepen- 
dent or  publicly  controlled  by  local,  state  or  federal 
governments. 

The  Recipients 

A  slightly  smaller  number  of  institutions  participated  to 
the  survey  to  196344.  perhaps  because  of  the  increased 
difficulty  in  completing  the  questionnaire.  The  1,118 
respondents  (20  (ewer  than  in  196243}  reported  good 
news,  however;  recording  an  overall  increase  of  1306.6" 
miBSoo  over  total  gifts  in  196243  (see  TabU  3> 

The  two  groups  of  doctoral  institutions— public  and 
private — each  received  more  than  $1  billion  to  ©fts.  The 
$2.6  billion  recorded  by  these  150  doctoral  Institutions 
represented  60  7  percent  of  the  total  gifts  to  all  respond* 
ents.  Public  Institutions  participated  to  a  Lrger  degree  to 
the  1963-64  strvey  than  to  any  previous  year.  Twenty- 
eijcht  percent  of  the  responding  four-year  universities  and 
colleges  were  public,  and  they  raised  32.4  percent  of  all 
the  funds.  Ten  years  ago  24  percent  of  the  respondents 
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Table  3A.  VorWary  Support  by  Type  of  ln*bnrtfe«  (oM  CFAE  cUmScdtoc)  goo  *~rWj 
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•Ffcurrs  difrr  sfoditly  fan  those  published  in  the  198263  survey  report  because  of  nstjtutioful  rtetasslfictfioni.  Details  do  not 
always  add  up  to  totals  because  of  rounding. 
••DAts  from  the  winter  »hown  in  T»Me  3  became  of  iflrrent  diMi£c*t>on  criteria  in  the  two  systems. 
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were  pubis:  Institutions,  and  they  raised  22  percent  of  the 
Sifts!. 

Comparisons  of  the  too]  amounts  reported  by  a!Htut> 
tutious  b  1932-93  tad  1983-84  csn  be  misleading  because 
of  differences  in  the  number  and  charactemtbs  of  the 
respondents  each  yean  Calculate  j  average  npport  per 
Institution  in  each  diss  partially  corrects  tor  wtse  dn- 
parities.  The  results  are  shown  to  Tthlt3- 

In  contrast  to  the  hsl  several  surveys,  when  support  for 
public  institutions  surged,  it  was  the  private  institutions 
m  1963-84  —  notably  the  doctoral  and  comprehensive 
colleges  —  that  reported  double-digit  mcrrases  in  aver- 
age support  per  institution.  The  only  groups  of  public 
institutions  reporting  such  Increases  In  average  support  In 
this  survey  were  the  general  baccalaureate  and  the  spe- 
cialized institutions,  both  of  which  tie  very  small.  Cener- 
ally,  average  support  for  the  private  institutions  ranged 
between  two  and  three  times  the  average  for  the  public 
institutions.  The  only  exception  was  the  pubbc  special- 
ized institutions,  may  of  which  are  medical  and  engi- 
neering schools,  whkh  raised  three  times  the  average  for 
the  private  specialized  institutions. 

The  changes  reported  by  the  "core"  institutions  in 
general  follow  the  change  patterns  of  the  averages  for  the 
total  group  of  respondents.  Analysis  of  the  two  groups  that 
differ  the  most  —  the  pubbc  doctoral  and  the  pubbc 
specialized  —  reveal  some  interesting  fetor*.  A  22.1 
percent  Increase  In  corporate  support  and  a  Id  2  percent 
rise  In  gifts  from  nooahunnUae  individuals  furled  the  12.3 
percent  increase  In  support  for  the  public  doctoral  InsrJtu. 
tions.  An  82  percent  decrease  in  gifts  fcom  nonalumnVae 
Individuals,  together  with  minimal  Increases  in  corporate 
and  foundation  support,  were  responsible  for  the  small 
growth  in  total  support  for  the  "core"  public  specialized 
institutions.  A  doul  ling  of  gifts  from  nocalomnv'ae  indi- 
viduals, coupled  with  a  38 1  percent  rise  bi  foundation 
support  and  a  30  9  percent  growth  In  corporate  grants, 
produced  the  Urge  increase  in  support  of  the  pubbc 
baccalaureate  institutions. 

Comparison  of  the  results  in  TtbU  3  with  those  shown 
in  TabU  3A,  which  shows  the  responding  institutions 
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HI— Urn  Pkqo* 

1973-74 

933 

2.277.320 

1157.214.301 

$  6903 

174* 

I  396665269 

1974-75 

9S6 

2.371.331 

165955.732 

6993 

17  4 

377,3764+4 

1975-76 

991 

2L527.957 

135.436.651 

73  35 

17  6 

461.090535 

1976-77 

1,006 

2.639.313 

210. 130.479 

79  02 

17.5 

500.125535 

1977.78 

1.065 

2.693.639 

223633074 

6196 

17  6 

552.621.466 

1973-79 

972 

2.763.127 

266,914.036 

9660 

17  9 

620.347.430 

1979-80 

1.019 

3015.052 

299.247.120 

99  25 

18.1 

725540  650 

193081 

923 

3.177.233 

311.658940 

9315 

186 

821.135.159 

1981-82 

1.101 

3.332.677 

373.184.415 

104  18 

18  9 

1. 051. $97,044 

196283 

1.13$ 

3.796.605 

414,202,314 

110  17* 

19  7» 

1.047.173,933 

193344 

1.118 

3.630.417 

433.545.179 

113  40* 

20  4» 

1.069575.049 

•Size  of  average  f5fl  mkJ  »ol*tt*tion  rSrclivTTieu  hued  only  oo  rrtporwes  cooUintor,  all  data 
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classified  as In  past  survey*,  illustrates  I  be  advantages  of 
the  NCES  cUssiScahon.  According  to  the  mult*  ta  7oVr 
3A .  fx  eiamplc.  support  far aQ  the  fcur-ycar  public  Insti- 
tutions increased  by  6.0  percent  (n  1983-84.  raofe  3 
reveib.  (wwtj;  that  this"  single  percentage  mub  wide 
variations  fai  the  changes  reported  by  the  various  croups 
of  public  institutions,  ranjrjbg  from  a  decrease  of  10  9" 
percent  to  increase? of  5.9.  W  6  and  22.4  percent  Siml- 
lariy.  Ihe  12.1  percent  decrease  registered  by  all  tw>)ear 
lnstitutiom  rewlti  from  a  much  larger  decrease  fx  the 
private  than  for  the  public  Irstitution*  * 

The  Deoon 

As  growth  fa  corporate  support  has  outpaced  rises  fa 
sugport  from  other  donor  groups  fa  the  btt  lew  yean,  the 

'  average  corporate  support  per  institution  now  more  . 
nearly  equals  the  average  support  from  alamni/ae  and 
nooalumnl/ae  Individuals.  Each  of  these  three  major 
donor  groups  provided  over  22  percent  TofSfl  voluntary 
suppor^l9S3^vas'canbes^inraUr4.  M 

Average  support  per  institution  from  nonalurani/a* 
individuals  surpassed  average  support  from  afamnfae  in 
19S3-S4  IV  the  first  time  sface  1977-78.  Private  butitu- 
timi  received  over  70  percent  of  oonalumnfte  gifts  and 
more  /Jvso  thretr  quarters  of  ahimtVae  donations.  Corpo- 
rations, oo  the  other  hand.  divided  their  grants  almost 
equally  between  public  and  private  institutions,  with  the 
private  colleges  receiving  only  a  slightly  larger  share  in 
19S3-Mv  The  division  of  corporate  support  between  pri- 
vate and  public  Insti  tattoos  has  changed  substantially  In 
the  last  26  years:  In  1955-59  77.3  percent  of  corporate 
grants  were  made  to  private  instftutfens^The  allocation 

'  has  dropped  rteadily  since  then,  reaching  the  52.8  per- 
cent share  reported  In  this  survey-  foundations,  on  the 
other  hand,  have  apportioned  their  grants*  consistently 
over  the  years,'  channeling  about  70  percent  to  private 
Institutions.         *   «  -  « 

The"  wide  variation  fa  change  patterns  between  average 
gifts  'horn  rrligtous  organizations'  fx  all  respondents  fa 
1982-83  and  1963-84  and  (or  the  "core"  groupof  fastitt*- 

.  lions responding  in  both  years  vfvidly  illustrates  the  nrob- 
lems  caused  by  dlStrences  fa  the  experiences  and  charac- 
teristics of  survey  participants  in  the  two  sample*. 


Table*,  t&mmiltm  Support  of  Amwl  Fitoi  by  Type  of  larf*o<»».  19S2-63  and  196384 


 fAnmiuu 

ESrtffcvfirM 

C* 

DOCTOaAL 

279ft  " 

9165.98 

28.5ft 

9178.38 

♦  75 

nuc 

14  0 

8811 

15  * 

S3. 47 

-  53 

cowrtxMxxsrvt 

.Private 
Pbbbc 

21.8 

99  37 

22  1 

107.55 

♦  82 

10  8 

42.61 

12.2 

42.71 

♦  02 

.  CXXtXAL  AACCAlAl  A.JLATT 

Private 
Pubbc 

26.5 

109  02 

274 

11206 

♦  2.8 

19  5 

35,26 

19  4 

62.12 

f  104 

srecuuxxo 

Prfnrfe 

21  S 

9554 

21.3 

1SI62 

♦  64 

Publ* 

22.4 

72.58 

246 

91  10 

+  255 

Torax.  fova-tiAa 

Private' 
RihUc 

912792 

26.1ft 

913583 

+•-62 

14  2 

7870 

152 

75  24 

-  44 

Two-Ttaa 

Private 

14  9 

69.59 

12.7 

6039 

-  93 

Pttbtie 

56 

5654 

60 

15700* 

AJ1  Private 

25  4% 

912720 

258ft 

913506 

♦  62 

An  Public 

14  1 

7856 

151 

7560 

-  38 

CaAWD  TOTAL 

19.7* 

91iai7 

204ft 

911340 

♦  2.9 

•One  fed  tutim  rrportcd  a  sinsje  tfft  of  9^0Malong  Kvmi  od*r  Urx«  jpfts.  a»  part  tfi  vrry  lucrotfal  cimpairn.  Etduduic 
tfcrie  ertraordirary  data,  the  average  jrjfi  would  be  920.37  and  the  year-to-year  riunge  -  43  9  pe/veat 


Special  forms  of  CrVfag 

Respondents  were  as  led  to  provide  details  about  several 
ways  in  which  gifts  were  made  to  them.  The  annual  fund 
has  long  been  a  technique  for  gaining  ahimnVM  support. 
Brqvetts  and  various  forms  of  deferred  gifts,  such  as  , 
charitable  remainder  trust*,"  pooled  Income  funds  and  gifL 
annuities,  are  estate  planning  methods  ei4ouraged  by~> 
coOr>u*  *nd  tmiversitiet  More  than  1,000  corporations 
have  establishes  metcrung-pp,  ^ogroma  that  double,  tri- 


ple or  even  quadruple  the  value  of  their  employees'  gifts 
to  higher  education  Cifts  of  company  productt.  encour- 
aged by  the  Economic  Recovery  Tax  Act  of  1931,  and  of 
other  phutkel  property  are  now  popular  sources  of  spe- 
cial gifts  to  colleges  and  universities. 

"Annual  funds  f 

1  Table  S  presents  data  about  annual  funds  since  1973-74. 
Although  the  number  of  institutions  responding  to  the 


Higher  Ed^iWSttmy  Resoles 


VwrWy  byfartjd  over  the  yean,  the  number  of ahmnlbe 
aVatKOtotboiimuJrcj^ 
»    theaveeago |*h^  >^  The 2a4 

percent afamlAM  responaerate recorded  En  I9S3-84 ban 
iB-arc*  higji.  TW  annual  feed  has  garnered  about  40 
percent  of  afiaKjaaVaa  gifts  consistently   er  tie  Yean. 
:  AJaanVao  of  varkna'claiiu  of  tottotfon  respond  dsfr 
.  fcrcnt}y  to  sebeftjf ions  for  the  aano*]  fond.  *s  cwj  be  km 
to  T*W<  &'HbtDcicatfr.  I****  cxJk*r$  md  urJvm^ 
h«re  relied  Kwcr  besvify  oo  tnnu*J-food  drtvr*  thw  h*w 
pebtic  iftstitutioci,  and  four-year  institutions  conduct 
.    the*  drfvrt  nor:  cftco  ti*n  do  the  ttoycti  Institotioos. 
The  iwence  gsft  tad  At  response  rare  cf  the  ahunnVaetre 
therefore  gjHWfaty  larger*  the  prfwtt  colleges  than  at 

tapsesti  and  Deterred  CBb  - 

Beqoesta  tod  deferred  gifts  accounted  fcr  27.3  percent  of 
toUl  mpport  from  e3  bdMdutb  In  1S63-54,  Prior  to 
B7W0  bequest*  and  deferred  gSb  averaged  about  35 
■  peTtxnt  ofall  gfts  from  IndrridusJs.  Since  then  they  hive 
avenged  about  SS  percent  They  tend  to  be  somewhat 
'  "Tumpy."  however,  became  of  the  cmpctdktabtllty  of  very 
Urge  bequest*.     **         ^  *  '  r 

;   l&oiaf  C2b 

Ccrportfe  foods  titdiinj  employee  t#j  to  {.[gfvrr  ed» 
ration  Institutions  have  been  growfogfa  Importance  to  the 
<jcJV$esV)fn  when  tfcb  survey  started  ccllectiQg 

«*rching-gi& cUta,"  grants  from  this  source  wr/t  10  per- 
cent  ofafl  corporate  graatLThey  reached  &6  percent  b 
10&83«xiarjparentjy^ 
percent  Toil Ijjire'nuy  ao^be/c«nplete!y  reprwnta. 
tfve,  howevet,  since  a  wnaber  of  uutltuticms  which  re- 
•j  ported  mitchJof  tffts  cf  cm*  83  jnillioa  fo  K62-83  aot 
*  fernbh  tnetchtog-gft  data  to  1863-84'  IV  Importance  of 

*  }  mstchmg-gft  monies  varies  considerably  accordf^  to  the 

;  type  fcjtftatfec  (•ceTaii*  7)l'  As'**h  the  anmu!  food, 
matched  gifts  are  auger  sx^praeralJy  a  more' important 
source  of  roods  for  the  private'  institutions  than  for  the 

'  pohHc  institutions.  Matched  gifts  abb  represent  a  touch 
brger  rsfoportion  cf  corporate  granU  to  the  private  bceral 
aiti  colleges  thta  to  other  types  'of  fwtfctions. 


TOW  7.  fcppartthtaBanHi^rJi^CaiTBCraM 


K*wcau 

MaWCA. 

BOCTCMUL 

Wk 

S24.107.009 

«  1262.74 
18095' 

8  331.617.198 
424.534.750 

6.9 

3.7 

C0M7KHfXMKVE 

Public 

10. 300.670 
1.907.030 

23S.87 
178.8S 

71.647.065 
34.623, 2S2 

14  4 

5.7 

emui  uocuajmuR 
PrtvUe 
Pubhc 

11.496^560 

2S2.63 
£0983 

93.2S6.519 
6.024.149 

230 
56 

srccuLrxxs 
Wvito 
rubbe 

3.4I1.8M 
I.IU415 

193.34 
178.22 

40.531,633 
30.335.226 

6.4 

3.9 

iotas,  rova»tua 
Frhwte 

public 

IS  (83.205 

1230  42 

188.68 

8  557.082.637 
495.517.407 

ia7 

3.9 

mo-TEAa 

Private 
Public 

309.540 
37.48S 

155.53 
234 JO 

1614.004 

5,223.732 

11,6 

a7 

Airrlvate 
Al  rubbe 

W>.«35.663 
19.1t0.«3 

125154 
188.78 

8  559.606.641 
500.743.139 

107 

3.8 

•  cauto  TOTAL 

t7S.756.3W 

8238.82 

81.060.430.780 

7.4 

ClAKD  totals 

W0.802.1S4 

8210.72 

A   8  941^56.891 

6.6 

♦JW  t*UM**y  be  coi»pleUly  rrpf««»titKT.  lioce  t  wimbnr  vtkmtMio+i.  wUt>  rrpcxlrd  ^hinj  k^i  of  ovtt  $-3  mOJ^c  In 
B63^o^w<6ff»lih»>td^^cbtokl9aW 


CoKpaxy  Frcducts  and  Other  Property 

Data  on  gifts  of  company  products  tnd  other  property 
were  sought  fcr  the  first  lime  In  the  1982-83  turvey.  and 
«»re  details  *rre  collected  in  the  1983-84  survey  The 
results  are  presented  bi  Table  8  ClfU-in-lind  from  all 
sources  amounted  lo  almost  1250  million,  or  0.0  percent 
of  total  voluntary  support  in  1963-84.  They  consisted  of 
8118  87  million  of  company  products,  84106  mCban  of 
other  property  from  corporations  and  1 119  67  million  of 
in-Had  Items  from  all  other  sources.  These  totals  do 'not 
represent  the  full  value  of  all  these  gifts,  however,  since 


some  Institutions  book  ln»kind  gifts  at  a  nominal  value  of 
81  each. 

Reported  gifts  of  company  products  almost  doubled  in 
1953-84.  perhaps  In  part  because  of  better  Institutional 
record  keeping  tnd  reporting  procedures.  Timing  could 
also  account  for  some  of  the  Increase.  A  grant  commit* 
ment  may  lie  rnade  In  one  academic  year,  but  the  property 
not  received  and  reported  until  the  following  academic 
year  Reports  about  these  gifts  can  therefore  vary  widely 
from  jvur  to  year 

Gifts  (/company  prodects,  together  with  &fts  of  other 
property  from  corporations,  made  up  IS  1  percent  of  all 
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cofporate  support.  Hie  average  size  and  importance  of 
such  gifts  to  the  colleges  again  varied  according  to  the 
type  of  institution.  More  than  three  quarters  of  all  com- 
pany product  gifts  and  two  fifths  of corporate  gifts  of  other 
property  went  to  doctoral  institutions.  In  several  in* 
stances  larger  amounts  of  property  were  given  to  public 
Institutions  than  to  private  Institutions. 

Colleges  uruafly"  report  product  gifts  at  market  value. 
The  tax  deduction  taken  by  the  donor  corporation,  how- 
ever,  b  less.  It  ts  either  msnutacturing  cost  or  half  the 
di&rc-nce  between  manufacturing  cost  and  market  value. 
If  the  donated  product  is  for  research  or  training  in  re- 
search. Consecpxntry,  college  reports  of  company  prod, 
uct  gifts  will  be  higher  than  corporate  reports. 

Gifts  of  property  from  noncorporate  sources  amounted 
to  a  2  percen  t  of  gifts  from  tB  sources  other  than  corpora, 
tkxu.  The  privite  comprehcTulvr  iM  fr-Tveri]  b*cdJ*ure- 
ste  institutions  jet  more  property  gifts  from  noncorporate 
sources  than  from  corporate  sources.  He  private  doctoral 
institutiooa  received  more  property  from  corporations 
than  from  other  sources.  The  public  doctoral  and  compre- 
hensive institutions  together  received  the  lion's  share  of 
property  gifts  to  pubbc  Institutions  from  other  sources — 
W  percen  t  Overall,  donor  groups  other  than  corporations 
spin  their  property  gifts  almost  evenly  between  public 
and  private  Institutions. 

list  Purposes 

Gifts  for  current  operations  accounted  for  almost  three 
fifths  of  all  voluntary  support  in  I9SW4,  and  more  than 
No  thirds  of  those  gifts  were  channeled  mto  specific  uses, 
as  shown  in  TabU  9. 

Respondents  were  asked  to  provide  details  about  the 
restricted  uses  for  both  current-fund  and  capital  gifts. 
TabU  10  presents  the  results  for  those  institutions  that 
could  provide  ti*  diix.  Tho  imour.ts  rtpcrtcd  rrpftVMit 
93.8  percent  of  aQ  gifts  for  current  operations  and  67.1 
percent  cf  all  funds  given  for  capital  purposes.  Both  are 
Urt»  enough  ihirri  to  profit  ahublo  Luijhti  Ln  to  bow 
donors  want  their  gifts  used. 

Research,  partkularfy  for  current  operations,  was  the 
mo<tporjuJatc^<xtc/rMtririedg^ 
Student  aid  was  nest,  receiving  Just  over  one  fifth  of  the 


Higher  Education/Survey  Results  n 


DocroaAL 

Private 

Public 
oouraxstKNsrvT 

Private 

Public 

cuoaALJUccuACsxrnt 

Private 

Pubbe 
srtcuLrntD 


f  41.281230 
48,144.153 


3.(00.199 
5.3S2.0W 


4.435.571 
1.102.M1 


t  88.619 
30.452 


9,763 
8.0W 


5.58S 
5,807 


t  1228.891 
15,503.300 


4.432.639 
7,905.513 


8,675.518 
1.200.282 


•11.430  t  26.049.248 
14.661  44.370.498 


4.772  13.757,031 
8.348  9,074058 


11.111  14.569.490 
8,374  1864.062 


t  3.298  t  60.560.389 
4.608  108.017,951 


3827  1 1. 225.869 
4.222  22.362.274 


1.938  25.6S0.S79 
4.566  5.167,025 


Frivste 
Public 

5,744.547 
4.699.032 

29.459 
142.305 

1600.903 
631.069 

13.270 
16.181 

1.377.014 
660.763 

1387 
4,437 

9.721464 
5.990.864 

total  rova>rtAa 
Prfvtte 
Pubbc 

1  54.498.567 
59328.539 

t  29.969 
24  059 

tl5.937.951 
23.240164 

t  8.262 
11.618 

t  55.751783 
56.969.411 

t  2.847 
4.535 

tl26.189.301 
141.538.114 

Prtvata 
Pubbc 

135.523 
1905,060 

1606 
10927 

74.299 
1.707.198 

1.327 
7.066 

3.391.135 
1.561.268 

3848 
1036 

5.6O0.979 
6.173.526 

AB  Private 
AB  Public 

t  54.634.092 
62.233.599 

t  29,170 
21952 

1 16.011250 
26,947.362 

t  8.062 
11.244 

t  61.143.938 
58  530.679 

t  1855 
4.449 

tl3I.790.289 
147,711.640 

OUND  TOTAL 

11 18.867.691 

125.417 

841959612 

t  9.770 

tl  19.674.617 

t  3488 

8279501.920 

198283 

t  58.943.482 

t  98.460.254 

tl57.403.736 

TaUaQ.  P*rcc»Uf* CUi*t* h A**r*x* VbhaUry Support per U*Jh 

*it»  by  PurpoM.  1982-83  tt  198344 

AlUMMi 

Ax 

mwiaasas 

Awt 

*m  tsaS44 

WAwna 

ftCSwff 

ct-aaaxT  otesutsoks 
Varestricted 
Restricted 

t 

831.844 
J.3S8.027 

t  779.323 
1.641.597 

-  6.3 
418.3 

-  35 
417  4 

TOTAL 

t2.ll9.671 

81420.920 

4  91 

4  98 

catital  rwoaxs 

11.621.515 

1 1.763.458 

4  88 

4  8.9 

cum  TOTAL 
No.  listitauons  Rrtwtiag 

13.841,336 
1.138 

84,184.381 
1,116 

4  89 

4  94 

928 

323 
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restricted  monies.  Other  restricted  bc3  onrpcdSod  pur- 
pose* received  ■Imott  ■  quarter  of  the  restricted  gifts. 

The  ways  in  which  gtfb  were  restricted  ta  both  pebbe 
tod  prtnta  Initttvtioru  *ttc  remiH^bJy  stmflax 

Sex*  of  Gift* 

Another  first  In  the  1983-84  nrvey  wts  the  collection  of 
data  on  jVb  froea  Individuals  for  current  operations  that 
were  coder  $5,000  or  of  95,000  or  note.  Participants 
provided  these  breakdowns  fcr  amounts  cqwJinj  almort 
three  (berths  of  all  gfts  foot  todMdusJs  lor  current  opera- 
tions. Theretakf  are  presented  vi  TtkU  11, 

Ctfticf|5,000ori»x  e  o umbered  Jest  0-4  percent  of 
there  tffti,  but  pewided  mora  doCtn  thin  did  the  truiller 
gifts  (twice  u  much  mcoey  for  the  private  doctonJ  bttitu- 
ttoni).  In  «Q  other  groups  except  the  public  doctoral  and 
public  No-ytar  institutions,  the  smaller  gifts  provided 
more  total  funds  than  the  large  gifts. 


 tWlaadtatoea  Rapertaag  ftase  PaCa, 198344  


CWntf 

n  a« 

Ik— • 

Cn*4 

NNkt 

ImJ 

AcaoWie 
DtVUoas 

11*5.633 
(1H) 

1131.838 

(W«) 

$  178.491 
(18J) 

$  81118 

(10.3) 

$  13,900 
OIJ) 

$  8X113 
(108) 

$  364.703 
(14  4) 

factory  and 
Staff  CofBpessatioQ 

3X237 

1X221 
Q10) 

48.300 
(18) 

117.131 
(19  4) 

40.878 
(193) 

158.108 
(19  4) 

206.618 
(8.1) 

26X851 
<»3) 

323.557 
CO  8) 

303.408 

(34.3) 

14.490 
(4  1) 

1X803 
0 1.1) 

48.304 
(3.9) 

641.712 

(25.3) 

P«bbc  Service 
•ad  ExtaaskM 

7,101 

(0.8) 

40.118 
(4  8) 

47.328 
(17) 

4.018 
(0.7) 

1448 

(0.7) 

3.464 

(0.7) 

51792 
(11) 

Library 

Opcratioo  tod 
Mafctcnence  cf 
PfayskalFUftt 

14.801 

(1.7) 

04.475 
(4  1) 

9.810 

(U) 

9.770 
(It) 

14.301 
(14) 

40.143 
(2.7) 

1X570 
fXD 

18.  £03 
(t7) 

3.744 
(18) 

6.500 
(3.0) 

21314 

(17) 

11794 
(18) 

46.815 

(1.0) 

69.030 
(17) 

Stadewt 
rSaaucUlAH 

14X434 

(!«.«) 

114.314 

(138) 

141.748 
(1X3) 

197,140 
<3t7) 

63.391 
(300) 

200,732 
(310) 

523.'M 
(206) 

OtWr 

Rectrfcted 

Fwpoaes 

144.403 
<tl3) 

178.180 
(U  J) 

410.873 
(14.4) 

181979 
(27.0) 

48.070 
(H7) 

211.030 
(259) 

631.714 
(14  9) 

total 

No.  laatSMioea  RtportJnx 

*  $394,238 

$837,818 
303 

$1.711904 
034 

$601944 
361 

$211033 
2X3 

4814.979 
783 

$1536.884 

KbUlasftof 

Restricted  Sapeort  Reported  by  . 
Alkstftwtioa*  *^ 

93.1 

93.8 

868 

83.2 

87.1 

916 

(Tlpves  ta  pamtW*e<  abow  perceot  c/totd  in  each  coluwa.  OoQan  k  tkwtanoV,  dVuib  do  aot  tfar/i  add  tip  to  totals 
became  ofroosdtaf.) 

tablalL  Ct^fteeatoiryie«AlWOarreetCt>er^^ 


C«WaS,Coe«rH— 


DocroauL 

Private 

PuUJc 
coai/stuftiara 

$  90,536.303 
71.833,481 

72X911 
740,790 

$20X420.713 
81.807.887 

4,701 
1820 

Mean 
Pubbc 

CBnMXLUCCALAVBlxn 
Private 
Public 

SnCULDZD 

49,137.903 
18.167,633 

10148X063 
X071S09 

461.296 
10X349 

879.430 
5X503 

31581.343 
4.440.7C6 

61220,536 
431M8 

1.565 
177 

44 

Mvate 

Pbbbe 

11.158,146 
6,111,329 

187.931 
4X134 

197X318 
4,45X087 

569 

371 

TOTAL  4-rtAl 

Private 
PubBe 

$26X46X504 
101^83,062 

1157.577 

..WW 

$30X207.960 
91.15X060 

11.990 
X311 

two- nun 
Private 
PuMte 

1782.916 

626,023 

31.744 
7,473 

634.081 
79X434 

61 
20 

Ai  Private 
Al  Public 

$26X14X311 
101.911.087 

1309.321 
1.11X471 

$300.841921 
91,049,314 

11.631 
1531 

CZAND  TOTAL 

$38X130,509 

X 423.78* 

$401.791433 

1X183 

324 
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Details  of  Support  bg  Participating  Institutions 


M 

D«tor*!  iMtltirtiMM  —  frUfc 

16 

CtMpralrailv*  iMthmitM  —  M**» 

1$ 

U 

a 

«« 

m 

frofmWI  «*d  SpwblfeJ  hfdhittM;  —  ftbtic 

9* 

M 

TWTw  LutiMfaw  —  NUlc 

St 

M 

NA  NotAvifUU* 
fcofcVUi* 

T»tWaJ  Httttt 


**"  wwywtwirtw  m  ««l  m  d  #utirri  tit  cafrfUJ  Mtw* . 
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14 

OOCIOIAl  l»ItIOHO»^MUATC  (SI) 


& 

l=r 

~~3 

MI.M4 
141. M* 
1.411,111 
4,414,414 

r.n'.HP 

•f,4ri 

441, Ml 
1,114,441 
4,411,411 
4,IH.II4 

I44,»I4 
1,111,411 
1,114.111 
1,41 1(444 
4,114,144 

4 

114,111 
114,444 
4 
• 

H«1I1 
H.44I 
1,414,11* 
1. 144,111 
111,114 

141*444 
I.MI*l*t 
I.HI.IM 

min.mi 
r**.m 

1.41  r,  .4* 

r.iri,m 

*,4I4,MI 

4,m,iM 

1, Ml, 414 

111, 11* 
14.111,144 
14.1*1.111 
f,  441,441 
111,111 

1 
4 

•11 
1 

1,11 1,111 

41,111 
4 

44J,44| 
l,1*««1M 

114,11* 

ii.iii*mi 

CM  4. 411 
t.ttt.llt 
4  1,111,  Ml 
11.441, HI 

1,44  Mir 
r,ML.nt 

i.mi.mi 

14,111,111 
14.114**4* 

*, II  1,141 
111,111 
111,141 
41,1*1,114 
14,144,4*1 

• 

* 

11,111 
1,444 
• 

1,414,  III 
411,114 
l*,ll  4 

1,44  4,444 
( 

l,*i*«Mi 

*«|44>4|I 

III.«I1 
i.tu.nt 

t,  44l,*4f 
414,141 
141,  Ml 
l.lll.MI 
14, *4  4,111 

1,411,411 
1,14  4,111 

441,444 
44W4I4 
I4,4||,l*| 

• 

1,441 
11.111 

111,41* 
1,141,411 

11,114 
411. Ill 
11*,4ll 

144.411 
Ml. 411 

I. III. Ill 

441.441 
I.MI.1M 

i*tiM«i 
n,***,*** 

L,ll4,4|l 

1,111.1*4 

'44,.44 
4^111,441 
14,444,  |ri 

*,lll,*M 
♦44,444 
1,441,141 
4,114,414 
11,141,111 

4,1**,  HI 
111,*** 
* 
1 
• 

1,111,111 
11.44* 
1***444 
411,4*1 
If,*****!! 

it*,*?* 

I,  414,141 

*,n*.iir 
i.iri,*ri 
i»*t 

441,441 
1,144,14! 
Il,4>),44l 

4fi,4rr 
i,ru,m 

1,444,444 
4,111.1* 
1,14  1,411 
4,444,411 
1,144,  441 

• 

• 
1 
1 

1*4,111 

144,4** 

II4,44| 

1,111.  4*1 
• 
• 

*,*1I,MI 
4.H4.44* 
1  1,111. M* 
1, 441.114 

ir,  nr,Mi 

l,4ll«||» 

n,4rL>fii 

4,4«4,»M 
1»4,lll 
•  4,414.144 

i.m.m 

114*11,414 

*,n*.m 
iir.ui 
1,111,111 

m,iw 
• 
• 

4 
• 

111,111 
111,11* 
1,1*4,441 
444 
414,411 

ti*,ni 

M4tilll 
4,*1I,*I| 

1,1*4,11* 

I4.II4.MI 

441,141 
4,411,411 
1,444,141 

♦  ri,ii4 

11,441, Mi 

4.444,414 
NMI,  141 

i,tu,  m* 

4,114,444 

i;,4ii,4ii 

• 

41,4*1 
U 
1,111 
• 

• 

I,  I44,m 
*, 141.41* 
111,  m 

*,lll*ISl 

*,  111.444 
I,tl44*4l 
4,4  44,  HP 
4,  III,  VII 
Mlt-NI 

ll,*ir,||4 
441.114 

r,»i4,in 
i,M4,iir 

11,  HI,  HP 

4,411,111 
144*41,411 
4,414,411 
1,141,41* 
1,411,411 

• 
• 
• 
• 
• 

1,111,4*, 
I**,  M* 
41.11* 
l,lt*«1lt 
*,l,ll*«*|f 

4  1,44  I 
1.111,11* 

n.nr.Mi 

1, 14  1,441 

if,n*,nr 

144,111 
♦44,144 
4,441,14* 
4,4  M,4|( 
1  4,44  4,111 

111,111 
4,1*1,141 

41,114,441 
1,4*4,414 

11,114,144 

4,414* 
1 1 4,111 
• 

1,414,411 
• 

1*1,11* 
*t4, l(| 
14,111.111 
lllllll 
4,111,144 

4t 1,114 
1,  114,111 
1,111,111 
1.  ML, 4*1 
4,441,111 
II.ML,11I 

1.141,111 
1,444,114 
14,111, Ml 
4, 141,441 
U,4I4,I*4 
11,414,441 

1,4II,»«* 
4,4  41,  141 
4,  11*,  Ml 
1,411,411 
4,411,111 
1, Ml, 444 

4,4*4 
• 
• 

11,1*1 
• 

tit, 11* 

41,1*1 
ll»«*ll 
1,114.414 
1,411,111 
4,111,444 
1. Ill, 144 

14  14  4U«  CM. 
1*414  44*14  1411,  M  IK*. 
1 44«4*1 4-^4X4  Mil, 
UU  MII4M  4414*11  ■*)!«, 
CIlaKIC  Mil.  4*  4MIH4 

UIU44V  Mil,  4* 

CtM*****  «.  tt«,  I  4444.  1(4. 

ttM*  Ml*4 

(44.M4I*  MP4 

t*» 44 H  Mil, 


MI14MI*  CM* 
44 41  to  »jM»,  4*. 
MIM1I.  Mil,  ** 

Mr.  wli* 


I444«  Mil. 
IMM44  4JMI1* 

44*441  MWMtNMri 
I4444IIM  Mil. 
■44144*  4441. 


4*4tl|  Mil, 

lUIMII  IM1,  4*  l*ta, 

M444  •4*41*1  Mil, 

(Ml*4  Mil, 

4M4%*  Mil,  M  441(4*4 


*4*M*rri  mh. 

MIUUMIITI  14* t«  4*  IIC*. 
11*41,  Ml*.  *4> 

Mt  n».  m  mx.  iiiuiw 

•  I*  44*1  Mil, 


M41M44IIM  Ml*. 
4M44MIIIM  Ml*. 
Mr»*  44*4,  ««||4  *4> 
**4t»U*  Mil.  44  4M 
l*Mln4t*I*.  Mlv,  44> 


•  IC4  Ml*. 
«4<M*IM,  Mil.  • 
*K(*ltU.M  Mil, 


li.  (mii  mi. 

1441*441  CJ4.IMMI4,  Ml*, 
I  Ml  MM  MTM4II1  MIT. 
II4MM4  Mil, 


irlHM*  Mil. 
4«*I1  *>U** 

UUI  Mil,  M  *  Ml  1 1*44 
IMMI1U1  Mil, 
44UIM4M  Mil, 
•  HI  Mil* 


ir,  tti,i4i 

11,144,411 
*  4,1*4,  41* 

14,1*1,4*1 

ii,H*,ti» 

ll,f4  4,MI 


1,114,144 

l*ll*,M* 

114,411 

1,411**** 
l*~4«l*  Ml 


Mi  t,r«i 

1,114,414 
l*MI,lll 
I  #**!,**! 
1 1,141, 114 


Ml,  !»* 
4,411. HI 
1,1*1,111 


141,  Ml 
I,  HI, Ml 
4,144,111 

4,411   '  " 


II*  1*1,411 
M(«ll« 

l»4*tl 

44,  nr.  Ml 


!,*!*,  in 

I.44  4.MI 
l,*IMI* 

...#,13 


11,4*4,11* 
11*411,11* 
14,1144  411 
IL.11I,  II 4 
44,111,411 

1,111,11* 
14,111,111 
l*>44)*,Nt 
{4,114,111 


t.*44i,ili 

11,441,1** 
11,1*4,441 
14,411,444 

*  1,111, 111 

•  1,111*444 


tt>Mi.rtt 
t,Mi,m 

1,41  r,*4« 
141,111 
1,111*1*1 

*H,t** 
I ,« 1 4.144 
l.ll**4ll 
I,*l4,tt* 
1*1*1*111 

1,1*1,11* 
1,14  4,14* 
1*41  l*M  I 

r  I  4,44* 

.4,111, 14* 

hi, i«i, li* 


li**l*,1M 
1,14  l,ll| 
**MI,MI 

11.441,*** 

ll,MI,ll| 

111,1*1 
1***1*1*1 

I4***1,lll 
4.44  1,  444 

•**ll4*fM 


1,41 1,  HI 
1,441,411 
11,141,111 
1 1**1  #,  411 
I4,H4,M1 
II,  Hi,  III 


11,1(1 
*,MI,44I 
t,MI,H1 
111,*** 
1,44  4,444 


1.111,1*1 

1,441,144 

»*»,i»r 


1,444.114 
l,*1I,44l 
1,1*1,141 
1,44 1,4M 
•***  1**11 


1**441 
III*  IM 
1,M4,I44 
•fill,  II* 
II. MI,  Ml 

1*1114*11 
II.IM,»II 
t,«lt,44l 


1*4*1,1*1 
4,111,1*1 
4,M4,41* 

4*111*1** 
«*ll*,M* 
•.114,441 
I. Ml, (44 
"  1*4,441 

111,  tit 
411,11* 
•,111**4* 
1*M4,144 
*  114,414 


1*111*141 
»•  111,  Ml 
4,111,114 
*l***ll 
1,441.444 
4.MDI1 


144,444 
1,111,141 
4, 1 1 4.  Ml 


l«Mt,MI 
t,H*,ll| 
1*4,  M* 


ItMlf 
4,*4l*M4 


t*Ilt«Il* 


111*11* 
l,M««l*1 
I.M1.4II 
4.111,111 


11*1*1*1*4 
*>'44,t*| 
I.II4.M4 
1.1 1*,  Ml 
><41 1***4 


I.*11,l4l 
f*  Ml,  444 
1,114.44* 


Ml*  4*« 
411*441 
I4.*|* 
Il,4|* 

lll.lt  I 
I.  II',*  II 


4.4*.  4.411 
1.141,111 
II. Ml, 144 
I,**  (,1|l 
11,444,111 
14,414,114 


1*4  444 
11,4*4 
1**114 


11*144,141 
1.441.1*1 
I, II*. II* 
1*4,1** 
I'M  Mil 


M.M* 
111,11* 
111,111 


14,414 
141,414 
44,411 
11,111 
II4.MI 

•,111,1*1 


I. Ml. til 
l4.lll.MI 
1,111,41, 
tl.llt 
4*114,141 


II,I14,M. 
♦,*«!,  It* 
I. 141,111 
1,441.114. 


I»*,*ll 
1,441,111 
*,Mt*MI 
1. III. Ill 
11*444,111 

4,141,111 
4,111,  *M 

11,111,14* 
I,  *l  4,141 
«,  1 11**1 1 

11*1*1*111 


Mt*M* 

M4.4U 
lll.lll 

l,ML,1l* 
Ml.  1*1 
14.1** 
tl*  Ml 


114,  H I 
111,114 
t,MI*lll 
tlf,*1l 
114.14* 
1  4.1*4 
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ERIC 


f  ■  JL 

•6- 

s& 

^5  & 

b>4 

t) 

m 

Ml 



mXm 

fclbH* 
MM*.  Ml 
1,M***M 

•• 
ibNi 

M 
•  * 

*» 

•  MHM 
•Ml* 

IMM 

,  **/•♦* 
•ib*n 

lfc.l*l 
♦4.144 

bin 
■  bin 
M-*ll 

l**M4 

i*r.*** 

l.*H.  Ill 
bbbbl 

bit  J***' 

llbMI 

M*b*ll 
*M*tM 
fc.IU.HI 

».  sii.ru 

blM.H* 

i 
• 

• 

m 

llbMI 
/lb*** 

l«llbl|« 

I** 

bMl 
III 
bMl 

u.**i 
u*.*n 

IblM 

*ll.*li 

•  I*  Mb  HI 
IM«  •■•«*«• 
|r***lbM* 
^IblM.MI 

liMblH 
M«**blM 
**.|M,4M 

|M*4**«III 

i*«rir 
••«« i* 
tr.*n 

••  mSim'ik" 

•«  MUM  **M. 
•  J  HHHIlHHi 

t  l.tlb*M 

•  i.Ui.Mi 

i.  m**im 

M 

i.mmh 
»«»»» 

*MM 
■  bit* 
***IM 
M.IM 
•MM 

II.  Ml 
*MI| 
M.H* 
M.II. 

•.Ml 
r.Mi 

•  bIM 
IbM* 

••bill 

i«m«Mi 

bMbMI 
I.MI.HI 

Itl.MI 
bMbfl* 

l*r*i**** 

Mil***! 
b«lb«ll 

•  r.Hi 
l*llbl«4 
•«M*«IM 
*.MI 

IbM* 

*I 

••••I* 

l*b**l 
• 

l*bl*^ 

H*,l*l 
l*l«**f 

M* 
•«tl* 
1*1*1 
bMl 

41  bb* 

ni.nr 
•i*«**i 

*r***rr 

lb  II*.  Ml 
llbMI. Ml 

*b«*Mfc*« 
lll.lll.HI 

•  1.4*1.1(4 
1.MIM.IM 
lll.1M.IM 

i«t*in*iM 

■  .Ml 
1.1*1 
•  .Ml 
***** 

•  «  MM  •**•  14*. 

M  |MI*M«I*  |*|*     «.  *J(* 

•  •  4M*MI**«U.M  «*<• 

•  •  III!   HUM*  •*•!«••  .til. 

M  **r*bi*  **H*  i*  fc*4*ii< 

IbMdM 

mi***!** 

M 
•bM4 

•bill 
bit* 

Miff 

It.lM 
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I.HbMI 
llbMI 

t.llMlM 
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IM.M* 

■4 
■4 

M 

IbIM 

II 

IM«I*I 
tt«IM 
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IbM*  M« 

HblKMM 
II.IM.IM 
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I.m 
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IbM* 
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HbMl 
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IbMI 
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IbM* 

•H.IH 
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m 

•4 
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•  MM! 

•MM 
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Mm 
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«W 
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fc.lll.MI 
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■  lot  )MH»ynr  Innhi  oftbr  3  /)  k&ooIi  It  bod 
tbt  BM-SJ  tud  tot  tfleVM  nm,  twit  16  pern*. 

■  Ctti  fern  ladMluIi  ttoouotod  far  TW  percrot  of 
■9  rift*.  Over  to!/ of  corporate  mpport  omm  (rot* 
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WM3 1  »my.:n«  mrtft  of  1411.107  jw  kbool  fa 
IS93-M  rcprt«c>ud  a  7.9  ptrmrt  toorotM  ovrr  too 
t^4tt»m«ilt1»m 

Tb«  »ur*ry     mtnxturrd  l»  joml  wt^t  A 

«•  «Vwor  poop  piwU  »m  added,  wmv  dcteOi 
*W  tHt  w6m  efgfci  «m  M&xd  fan  tad  tb*  dooor 
pwpotrt,  MptdaVr  capital  jifb.  wen  rrvlMd  f  * 
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CBUfXT  OVCUHOM 
UMntrtctcd 


TOt-LL 


$36,190.61!  $31,064,733  $I2.20»,t96  $4,631,605  $  3.221.666  $1,629*14  $1731340 

PS5)  (47.4)  (2S9T  (103)  (444?         (745)  (29-3) 

5.163.068.  5.150.543  3.431209  5.3W.2+0  1.3M.031       365.194  2.7S5.711 

g-0  <7g>  <1»  ;  Uli>  (U.5)          (167)  (298) 


$  4US3.677    $37.121282    $15,642,495    $10,044,145    $  6.555.7 17    $1,994  405 

(40  6)  ,  (55.0)  G7.0)  (22.2)  (563)  (912) 


$3,522,051 
(591) 


carnal,  reasons 

E*dt*m»e*MacM»c 

Unrestricted 

EadowMwMacMe 
LomFwads 


$2X361252 
(22-0) 

21.167,326 
(20,8) 

16351.937 
(16.1) 
606.772 


$15324.466 
(22.7) 
6.380.277 

(114) 
6.402.477 
(BL4) 
214,045 
(03) 


$11171.576  $14,027,001 


(218) 
7.4601597 

(17.7) 
69X395 

U64) 

75,753 


(309) 
7.189.417 

05,9) 
12.958.663 

065) 
1. 135. 125 


$3,027,266 
(260) 
I.OE6.142 
(92) 
943.773 
CM) 
54,415 


6  70.009 

at) 

1500 
(93) 
1 17.256 


$1,320,602 
(14.1) 
1.500,815 
(170) 
854.562 
(9.1) 
60.923' 


$  60.304*37    $30,321,265  $26,633321 
™*                            (59.4)           (450)  (630) 

$3S3U.22S 
(T7.6) 

$5.09X596 
(43,7) 

$  192.795 
(66) 

$3,827,102 
(409) 

CXUfil  TOTAL              ,W,iSSf     ^jtSS7  ^f?'"*15 

(iooo)       (loao)  (ijoo) 

$41355371 
(100.0) 

$11.6491313 
(1000) 

$1137.203 
(100.0) 

$9349.153 
(1000) 

(Florn  la  ptm&t+es  tixr*  permit  cf  tool  k  e*cft  ccJotmO 

Meaningful  cocpcriscns  between  two  yean  arc  diffi- 
cuft  because  ofthe  different :  number  aad  type*  cf  schools 
b  each  survey.  Calculating  avenge  amounts  received  by 
each  school  compensate  for  the  numerical  differences 
but  masks  dlBerences  la  characteristics.  A  group  of 
school  i  parUdpoJlnr,  h  h*o  cocjccutNe  run<ryi  U  neces- 
sa^  for  real  comparison*.  Oaly  these  ~cccc"*cbGJ%  evea 
though  a  smaller  grou^  caa  provide  concrete  data  ca  the 
nature  of  the  vt*?*>year  changes  b  voluntary  rapport 

A  total  of  371  schools  served  as  the  "core-  group  b  this 
survey  (see  Appeadti  T*U»  D  for  complete  details  cf  their 
reportsX  They  recorded  an  footsie  of  6  6  percent  b  total 
support  la  1963-84  over  1932-83.  This  Increase,  greater 
than  tbe  3.7  percent  inflation  rate  as  ocarred  by  the 
CPI.  wis  rood  oewi  for  tbe  schools.  Cifts  fan  HuaLifn 
rose  116  percent  and  from  other  Individuals  13  percrnt. 
Foundations  aad  corporations,  ca  tbe  other  hand,  both 
decreased  their  support— by  14  percent  tod  3\8  per- 
cent, respectively.  Contribution*  for  current  opertfcms 
pew  by  14.2  percent,  while  those  for  capital  purposes 


remained  almost  the  same.  Support  for  boys  schools 
surfed  by  13.9  percent:  the,c*>edacatk>nal  aad 'girl* 
'  schools  each  reported  muchsnuuTermcreases- 

AhimaVae  gifts  to  the  enauel  fund  have  always  been 
Important  to  Independent  schools.  la  1933-34  the, 
totaled  $36,679,673  aad  accounted  for  39.0  percent  of  $3 
alumnl/ae  contributions.  More  alumoVae— 23.8  per* 
cent— responded  to  the  annual-fund  drives  in  195344 
than  In  any  pervious  yen  and  they  Increased  thei/tver- 
age  gm  by  68  percent  to  a  record  $129.21  Individuals 
often  use  btquim  aad  deftmd  gtflt.  such  as  trusts,- 
pooled  bcome  roads  and  gift  annuities,  as  part  of  their 
estate  pitas  to  support  Independent  schools.  These  jlftj 
fcraraied  [n  iS63^4,  so  that  tHey  provicLd  8.9  perttr-t  cf 
•H  contributions  Com  Individuals  aad  66  percent  of  total 
contributions  to  the  schools.  Cocpoi  %Hons  contributed  to 
the  ladependen  t  schools  through  netchlxi-glft  present 
and  by  miking  grants  cf  cowipany  prodvett  and  other 
pJtytkitonptrQ/.  as  wellas  through  cash  gifts.  Corporate 
funds  from  matched  gifts  declined  slightly  In  1983-84  to 


The  Ten  Boarding  or  E-KrdiasyDsy  Schools 
Reporting  the  Highest  i  <als  of; 
Khamtdlwe  Cootribuix»i    the  Annua]  Fund 


Phdbps  Exeter  Acaderr  (NH) 

Phillips  Academy  (MA) 

Deerfield  Academy  (MA) 

The  HotchUis  School  (CI) 

The  LawrencevfJle  S'Vd  (NJ) 

Choate  Rosemary  HaD  v  ^T) 

The  Taft  School  (CT) 

The  Hill  School  (PA) 

NortbSeld  Mount  Hermon  School  (MA) 

St.  PauTs  School  (NH) 

Cifts  for  Capital  Pus  poses 

The  Culver  Academies  ON) 

St.  Pads  School  (NH) 

Phillips  Exeter  Academy  (NH) 

The  LawrenceviBe  School  (NJ) 

The  Hsldmlnctas  Springs  School  (PA) 

PhJips  Academy  (MA) 

The  HotchUa  School  (CT) 

Choate  Rosemary  Hall  (CT). 

Emma  WlDard  School  (NY) 

The  Taft  School  (CT) 


$1,397,166 
1.378.960 
1.057.313 
90S.II2 
399,402 
719.442 
660.616 
629.615 


562,236 


$3,448.90! 
3.230.M! 
2.832.053 
2,813,782 
2.720.329 
2.766,734 
2,277.582 
2.093.086 
1.865.713 
1,810.027 


$4,227,369,  but  gifts  of  both  company  products 
($1,451,120)  and  other  property  ($566,463)  increased 
sharply.  In  1933-84  msichfag  gifts  and  property  donations 
accounted  for  53.6  percent  cf  all  corporate  suppot.  cf 
independent  schools.  Tbe  share  la  1982-83  was  44.3  per- 
cent.  An  additional  $3,369,715  in  gifts  cf  property  from 
sources  other  than  corpontJocs  Bowed  to  the  sd<ools. 

Because  cf  the  diSertoces  b  the  categories  for  report- 
'  mg  donor  purposes  b  ths  1963-64  survey,  exact  compari- 
sons with  previous  years  are  not  feasible.  TabU  14.  how- 
ever, presents  data  about  voluntary  support  for  current 
operations  and  capital  purposes,  by  source  cf  support 

Historically.  alumcVae  and  other  individuals  have  pro- 
vided about  70  percent  cf  the  private  support  cf  the 
independent  schools.  Foundrtioos  have  been  other  Urge 
benefactors,  donating  about  13  percent  cf  all  support.  The 
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LacWptaaJcaat  ScWckfogrey  Resdb 


71m  Te»  D«y  or  Pay.^oardaac  Seboab  fe^Mrtioc 
tWRltWst1bt*«6 

AhxwWw  CMtnbvtiM  lo  the  Am*ui  fW 


Res**  High  School  (NY)  141,895 

Mfcoo  Academy  (MA)  428.861 

Uaivenky  School  (OH)  368.806 

hmahou  School  (HI)  266,333 

The  Bayfor  School  fTN)  322.954 

ThelCi»fc*MSchoca,(TX),  230.5*5 

TV  Loottis  Cbftee  School  (CI)  281,513 

TbcWcOnicSdvwlOTO  279,257 

St.  Ignatius  Hie*  School  (OH)  244.953 

UnrrniiryLfcgctt  School  (MI)  242J35 

CatePurCaaJuJlSarpoaes 

I'ahrTsity  School  cf  MiWlee-  (WI)  $2,465,667 

St  Johns  School  (TX)  2,099,254 

The  BmHcy  School  (NT)  2.021,865 

The  tsoc&sj  School  (TX)  1.951324 

TheUnbU  School  (TX)  1.7&2J11 

The  Pfngxy  School  (NJ)  -1.447.515 

Pbrytediyiilc  School  (CA)  1.382.723 

DumHiS  School  (MA)  1.364.759 

McniyrocTycVaAc»dewy(TN)  1.298,954 

Unhrnity  School  (OH)  1.252.132 


pattern  to  196364  showed  a  slight  variation.  More  than 
three  rjoasten  of  all  support  one  from  indrvtduah,  with 
aJuaoVac  supplying  the  largest  percentage  (36.41  par- 
ents the  next  (24.  U  acd  other  individuals  (Mat  them* 
(15.1).  FocjkUwo  aod  corporate  jtf?b  drx{iaed  tli&th. *> 
t&cV  shares  cf  total  rapport  were  also  sawDer  (16. 2  pev 
era!  fcr  fcrrndatiotu  versos  13,6  percent  In  E82-83  ind 
4.2pcrecti|yT>u>l^yc^>4.SpeWTnttbccc*por>bofu). 

Trsditforiafly.  more  thin  basfof  the  gflb  lo  thclndcpen- 
dent  schools  hive  been  made  with  bo  restrictions  about 
how  they  are  to  he  wed.  Conhnbg  the  totals  for  unre- 
stricted cm  tut -opt  rattan  (fit  with  thoae  Joe  endow- 
rent  with  no  rutrictious  on  the  we  of  Its  Income  pro- 
duces an  cpprmJnaie  measure  of  "unrestiSctetr  gifts. 
They  totaled  505  percent  cf  all  support  in  1963-64.  P*r- 
cnts  and  corporation!  pnfaffed  to  nule  fffts  without 
»  restriction]  foe  current  operations,  while  alumni/ae.  other 
Individual*  and  foundations  favored  gifts  for  capital 
purposes. 

Farther  breakdowns  of  donor  purposes  w{&  be  possible 
ta  the  future,  as  more  data  are  acconrohted. 


Institutions  Reporting  the  Highest  Totals 


Tha  29  Cbfcfn  aaad  IhahcrsMcs 
Rtpnttnf  the  Wort  Voluntary  Svpporb* 


The  20  CoOexx*  and  Universities 
Reporting  the  Most  Corporate  Support;*, 


Harvard  University  $125,201,403 

Stanford  University  111.802.741 

Yale  University  73,333,006 

Columbia  Uorverstty                ■  73,234,746 

Cornel  Unherslty  72.818,654 

CaWorala,  Unhmlty  of-Lo*  Angeles'  64.078,015 

Massachusetts  Institute  cf  Technology  62.994.938 

rVmwyh-ania.  University  of  60.036,447 

Princeton  UaJverriry  59,163.839 

Southern  CaUbrela.  Unhrnfty  of  55.000.764 

Chicago.  Unhersrtyof  5-1.577.350 

nkac4s.  University  of  53,203.354 

Waconsin,  UnJvmttyof-Madiioo  52.409.347 

Mfchigan.lf'Verrityof  52.072.055 

Texas A6xM  University  43,147,936 

Minnesota.  Unhrnity  cf  47,331.681 

New  York  University  45^68,695 

Johns  Hopkins  Unhmlty  42.322.416 

Vftshiagtoo,  UBrvmttyof  41.253.331 

VfebiftStoo  University  40.751.355 

•Not  included  are  two  systems,  each 
comprising  multiple  units: 

CaLibmU.  University  of-Sommary  172.638.445 

Texas.  University  cf-SnowMry  ; 06.573.063 


C*kkrrJ».  University  of- Los  Angeles 
Stanford  University 
Massachusetts  Institute  of  Technology 
Harvard  University 
Illiuob.  University  cf 
CalUbroia.  Unhersity  cf-RerWey 
VVbconsm.  UnKrmtyof>Madbon 
Southern  California.  Unhrnity  of 
Michigan.  Unhrnity  of 
Cornell  Unhrnity 
Colombia  University 
rVnruylvani*,  Unhrnity  of 
Texas  A  ct  M  Unhr.*sity 
Minnesota,  Unhrrsityof 
Florida.  Unhrrsityof 
Ceorjrja,  Unhrrsityof 
Carne0e>MeSlon  Unhrnity 
Dulc  Unhrnity 
RensseUer  Rirytechnlc  Institute 
Mbaoup  Unhrnity  cf 

•Not  Included  are  two  systems,  each 
comprbina;  multiple  units: 
Cahfornka,  Unhrnity  of-*Summary 
Texas.  Unhrnity  of-*Somnury 


130.834,214 
29.234,745 
27,913,654 
25.580.322 
20,957,647 
15,223,409 
16.329.412 
15,153.4S1 
14,638.604 
14^34.465 
13.787,731 
13,495.453 
13,465.231 
13,035.510 
12^32,047 
12,239.221 
11,107.772 
10,955.165 
10.602,662 
10.549.146 


71.614.783 
23.905,491 


The  Ten  Schools  Beportfas:  the 
Most  Vbhncary  Snpporti 

FtdSips  Academy  (MA)  $4,956,755 

rlu^ips  Exeter  Aadetny  (Nil)  4.612.826 

The  Cohrr  Academies  (IN)  4.471.803 

Sc.  PaoTs  School  (NH)  4,343,125 

The  Uwrencrville  School  (NJ)  4.145.777 

The  Hotchkisa  School  (CT)  3.623,430 

Chcete  Rosemary  Ha3  (CT)  3.503.226 

Wbodberry  Forest  School  (VA)  3.135.056 

The  KislhnineUs  Sprtnxs  School  (PA)  2,833,668 

DeerSetd  Academy  (MA)           ,  2.813,660 

O  c%  r* 
GO  J 


The  Ten  Schools  Reportinj  the 
Mort  Corporate  Sepporb 


The  American  School  in  Jipan  $603,739 

The  BUhe  Schools  (MN)  417,441 

The  Leelanau  School  (MI)  313.444 

Forsyth  Country  Day  School  (NQ  303.121 

Funahou  School  (HI)  263.272 

PhiDips  Academy  (MA)  256.169 

FhlEfps  Exeter  Academy  (NH)  236.332 

The  Cohrr  Academies  (IN)  187.313 

Choate  rosemary  HaQ  (CT)  186,267 

Marine  Military  Academy  (TX)  179.077 
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CHAPTER  I 
INTRODUCTION 

A,  RATIONALE 


The  Report  of  the  House  Armed  Services  Committee  on  the  198M 
Depr^tment  of  Defense  Authorization  Act  contained  the  following  request: 
"Ha  jy  of  the  university  laboratories  in  which  Department  of  Defense 
research  programs  are  conducted  are  obsolete  and  in  need  of  major 
modernization  or  replacement,   "ine  committee  believes  a  study  should  be 
undertaken  on  the  need? to  modernize  university  laboratories  in  the 
physical  sciences,  earth  and  ocean  sciences,  atroospoeric  sciences, 
engineering,  computer  sciences  and  other  fields  essential  to  our  long-term 
national  security.   The  survey  should*(1)  docunent  the  leboratory  needs  of 
universities  presently  engaged  in  Department  of  Defense  competitive 
research  programs,  (2)  assess  priorities  by  academic  field,  (3)  provide 
estimates  of  costs  to  meet  these  needs,  W  provide  specific 
recccroendations  appropriate  to  the  Department  of  Defense  and  others 
designed  to  address  the  need,  (5)  state  the  consequences  to  our  long-term 
national  security.11 

This  report  is  a  response  to  that  request. 

The  science  and  technology  (S&T)  base  has,  as  its  cornerstone,  basic 
research  which,  in  the  U.S. ,  tends  to  be  concentrated  at  universities. 
Approximately  two-thirds  of  basic  research  in  science  and  engineering 
(S4E)  is  carried  out  in  academia.    There  is  a  concomitant  integration  of 
basic  research  with  graduate  education.   The  nation  reaps  a  double  benefit 
from  this  model  in  that  it  concurrently  generates  both  research  results 
and  future  researchers.   It  is  for  this  reason  that  the  state  of  U.  S. 
university  laboratory  facilities  is  so  important  to  the  nation's  long- 
range  economic  and  military  competitiveness. 

The  evolution  of  science  and  technology  tends  to  create  a 
requirement  for  more  sophisticated  research  facilities.   Failure  to  keep 
pace  with  facilities1  needs  has  a  negative  impact  on  researchers1 
creativity.   This  in  turn  limits  the  scope  of  scientific  endeavor  in  the 
experimental  disciplines.   The  consequences  may  include  delays  in  the 
realization  of  new  discoveries  and  a  trend  for  faculty  and  graduate 
students  to  opt  for  theoretical  studies  rather  than  engage  in  experimental 
research  with  inadequate  facilities.    A  further  consequence  is  the 
difficulty  of  recruiting  and  retaining  the  most  productive  faculty  in 
experimental  disciplines. 

The  foregoing  points  work  against  university  researchers  undertaking 
experimental  investigations.   When  researchers  do  so  in  spite  of 
inadequate  facilities,  results  of  their  endeavors  can  be  compromised  in  a 
variety  of  ways.   These  include: 

o    Inadequate  environmental  control  resulting  in 
decreased  quality  of  data 

o     Excessive  down-time  resulting  in  diminished 'productivity 
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Outmoded  equipment  leading  to  Imprecision  in  acquired 
data 


o 


Crowded  laboratory  space  resulting  in  diminished  access  to 
equipment  for  data  gathering  and  oaintenance  purposes 


o 


Contrived  experimental  set-ups  representing  safety 
hazards 


B.  DEFINITIONS 


The  following  definitions  will  be  used  throughout  this  report: 

Laboratory  Needs-Facilities  and  equipment  wnich  collectively 
constitute  vehicles  for  the  generation  of  experimental  data  and  other 
information.    It  denotes  more  than  a  stand-clone  Instrument  (e.g., 
spectrometer,  tensile  t»jtvi\  etc.)  that  can  be  operated  in  general 
laboratory  space  typically  found  on  a  university  campus,  but  excludes 
general  purpose  laboratory  buildings.   Examples  Include  wind  tunnels,  high 
voltage  accelerator  labs,  clean  rooms,  wave  tanks,  etc.,  especially  those 
housed  within  existing  older  t~Uldlngs.   It  may  sl^o  Include  specially 
designed  structures  required  to  house  laboratory  instrumentation  and 
experimental  facilities. 

Facilities-Laboratory  structural  environment  including  hardware 
required  to  maintain  special  conditions  in  laboratory  space. 

Equipment-Instrumentation  and  devices  directly  supportive  of 
data  acquisition  and  analysis. 

C.    RESEARCH  DISCIPLINES  AND  THRUST  AREAS 


Selected  research  laboratory  needs  among  universities  active  in 
Department  of  Defense  (DOD)  competitive  research  programs  are  addressed  in 
this  report  for  the  following  five  disciplines  and  constituent  thrust 
areas: 

CHEMISTRY 

-  Laser  Chemistry 

-  Polymeric  Katerlals 

ELECTRONICS 

-  Microelectronic  Fabrication  and  Reliability 

-  System  Robustness  and  Survivability  , 

ENGINEERING 

-  Combustion 

-  Composite  Structures 

-  Energetic  Katerlals 

-  Fluid  Mechanics  and  Acoustics 

-  Manufacturing,  Design,  and  Reliability 

-  Soil  Mechanics 
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MATERIALS 

-  Optical  and  Magnetic  Materials 

-  Silicon  and  Compound  Semiconductor  Growth 

-  Structural  Ceramics 

-  Structural  Composites 
PHYSICS 

-  Astrophysics 

-  Coherent  Radiation  Sources 

-  Directed  Energy  Devices 

-  Optica!  Communications  and  Spectroscopy 

The  foregoing  disciplines  do  not  represent  the  breadth  of  DOD 
research.    In  particular,  biological  and  biomedical  sciences  are  not 
included  in  anticipation  of  a  comprehensive  survey  of  laboratory  needs  by 
the  National  Institutes  of  Health.    Computer  resources  not  dedicated  to 
experimental  research  facilities  are  also  excluded  on  the  basis  that  they 
are  the  object  of  considerable  study  and/or  aggressive  enhancement 
programs  by  the  National  Science  Foundation  and  the  Department  of  Energy. 

P.    INFORMATION  ACQUISITION 


Requisite  information  was  initially  assembled  by  research 
administrators  in  the  three  Service  research  offices  (OXRs):   the  Office 
of  Naval  Research  (ONR),  Army  Research  Office  (ARO),  and  the  Air  Force 
Office  of  Scientific  Research  (AFOSR)  and  in  the  Defense  Advanced  Research 
Projects  Agency  (DARPA).    In  particular,  Division  Directors  in  each 
organization  representing  the  foregoing  five  research  disciplines  supplied 
data  related  to  the  sufficiency  of  research  laboratory  facilities.  This 
information  was  analyzed  for  the  purpose  of  developing  laboratory  needs 
representative  of  defense  research  priorities.    Results  are  presented  in 
Chapter  IV  in  the  form  of  prioritized  laboratory  needs  (where  they  exist) , 
estimated  costs  of  desired  enhancements,  and  assesanents  of  the 
scientific/technological  and  national  security  implications  of  any 
laboratory  needs  identified. 

Within  the  framework  of  the  foregoing  information  acquisition  plan, 
each  of  the  three  CKRs  identified  key  R4D  performers  for  the  various 
research  disciplines.   These  performers  were  then  analyzed  with  reference 
to  the  indicated  questions.   Criteria  used  in  determining  the  performers 
to  be  interrogated  and/or  analyzed  for  inclusion  in  the  report  involved 
level  of  basic  (6.1)  competitive  research  funding,  evaluations  by  OXR 
research  administrators,  and,  as  appropriate,  independent  evaluations  of 
graduate  programs  corresponding  to  the  various  disciplines.    In  many 
cases,  the  stated  costs  represent  partial  funding  reflecting  the 
tendency  of  universities  to  seek  multiple  sponsors  for  major  laboratory 
improvements.  While  the  method  of  data  collection  does  not  embody  the 
statistical  integrity  of  a  rigorously  implemented  survey  instrument,  it  is 
nonetheless  thought  to  be  suggestive  of  the  dimensions  of  university 
laboratory  needs  of  greatest  importance  to  DOD.   Further,  the  study 
differs  from  previous  ones  in  that  the  cited  laboratory  needs  reflect,  in 
part,  the  judgment  of  research  sponsors  (DOD  scientific  officers)  rathei 
than  exclusively  the  perceptions  of  research  performers. 
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The  primary  DOD  research  performers  encompassed  by  this  report  are, 
of  course,  only  a  subset  of  the  total  university  R&D  community.  The 
extent  to  which  their  modernization,  and  new  facilities  needs  may  be 
extrapolated  to  all  universities  performing  research  for  DOD,  or  to  the 
entire  popuUt'on  of  approximately  300  research  universities  in  the  U.S., 
is  an  open  issue.   Such  extrapolations  beg  the  question,  however,  as  to 
appropriate  means  for  assessing  laboratory  sufficiency  from  the  DOD 
perspective.   This  is  a  ccsnplex  question  that  is  under  constant  scrutiny 
for  each  discipline  and  its  constituent  research  areas.   More  generally, 
it  is  an  issue  which  demands  continued  vigilance  at  the  national  level. 
Sustained  deficiencies  in  any  discipline/thrust  area  will  inevitably  cause 
the  corresponding  sector  of  the  U.S.  science  and  technology  base  to  erode, 
thus  blunting  our  competitive  position  in  the  national  security  and  world 
economic  arenas. 
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CHAPTER  II 
POD  SUPPORT  FOR  UNIVERSITY  LABORATORIES 


A.  INTRODUCTION 


This  chapter  deals  with  the  role  that  universities  play  in  sustaining  and 
strengthening  the  U.S.  science  and  technology  base  (Section  A),  the  origins  of 
DOD  support  of  university  laboratories  in  that  role  (Section  B),  DOD  programs 
that  support  university  science  laboratories   (Section  C.t),  and  further  steps 
that  DOD  has  taken  to  upgrade  these  facilities  (Section  C.2).   A  new  university 
research  initiative  for*  FY  86  (Section  C3)  and  coordination  activities 
relevant  to  the  -upgrading^of -university  research  facilities  are  described 
(Section  C.4). 

Given  the* Importance  of  university  science  laboratories  to  DOD,  it  is 
also  true  that  maintaining  adequate  university  research  facilities  is  a 
national  priority  that  has  important  economic  as  well  as  military  signifi- 
cance!  thus,  DOD  should  not^id  cannot  solve  the  problem  alone.  Solutions 
oust  encompass  all  relevant  government  agencies,  private  industry,  and,  of 
course,  the, universities  themselves.   Ihis  chapter  focuses,  however,  on  the 
relationship  between  DOD  and  the  university  canaunity. 


American '.universities  play  an  indispensable  role  in  maintaining  and 
strengthening  the  nation's  science  and  technology  base.   Not  only  are 
universities  the  source  of  future  scientists  and  engineers,  but  the  research 
contributions  of  academia  to  society  are  vac?-  as  well.   Since  World  War  II, 
universities  have  performed  most  of  the  basic  research  that  has  produced  the 
technological  innovations  on  which  much  of  our  economy  and  national  defense  are 
based  today.   Universities  contribute  nearly  three-quarters  of  the  scholarly 
papers  published  in. the  most  noted  science  and  technology  journals.  In 
addition  to  generating  the  insight  and  knowledge  upon  which  future 
technological  innovation  is  based,  university  research  provides  the  environment 
for  the  development  of  future 5 scientists  and  engineers.   The  result  is 
enrichaent  of- the  professional  experience  of  faculty  and  graduate  students 
involved  in  training  cur  nat Jon's  technical  manpower.   Thus,  support  of 
university  research  produces  multiple  benefits  of  enormous  value  to  society  as 
a  whole. 

This  report  addresses  selected  needs  of  university  laboratories  involved 
in  DOD  sponsored  research.   As  much  as  $2  billion  has  been  estimated  as  the 
total  sua  needed  to- replace  obsolete  university  research  instrunentation. 
Laboratory  facilities,  including  the  instrumentation  required  to  conduct 
research  aimed  at  modernizing  and  expanding  the  U.S.  technology  base,  are 
becoming  increasingly  expensive.   Establishing  and  maintaining  such  facilities 
are  very  costly,  especially  those  requiring  advanced  supercomputers,  large 
particle  accelerators!  various  types  of  analytical  instrumentation,  imaging 
devices,  and  automated  design  and  manufacturing  hardware.   Nonetheless,  such 
equipment  is  crucial  for  the  conduct  of  research  in  Important  areas  of  science 
and  engineering,  and  for  educating  students.    DOD  support  for  university 
research  equipment  is  described  in  the  following  sections. 


B.    ORIGINS  CF  POD  SUPPORT  FOR  UNIVERSITY  LABOFATORIES 

The  DOD  has  recognized  that  technological  superiority  is  essential  to 
military  superiority,  and  it  has  played  an  important  role  in  maintaining  the 
strength  of  the  U.S.  science  and  technology  base.   Since  DOD  was  among  the 
first  federal  agencies  to  recogni2e  the  essential  role  that  the  academic 
community  plays  in  the  maintenance  of  U.S.  technological  leadership,  it  has 
maintained  a  strong  relationship  with  .U.S.  universities  since  before  World  War 


Very  little,  involvement  o£  universities- with  military  technology 
occurred  during.  World  War/I,  despite  the  existence -of  in-house  Service 
laboratories  since,  the  1890s-  and  the  earlier  creation  of  the  National 
Acadeny  of  Sciences /which  was  established  as  a  war  measure. by  President 
Lincoln  in  1863*   The  sudden  expansion  of  experimental  and  laboratory 
operations  that  characterized  the  outbreak  of  World  War  II  greatly 
overburdened,  the  Service  laboratories.   Hany  civilian  scientists  and 
engineers  were  added  to- the  staffs  of  Aberdeen  Proving  Grounds,  the  Nav3l 
Research  Laboratory,; the  Naval  Ordinance -Laboratory,  Taylor  Model  Basin, 
Wright  Field  (Army  Air  Force),  and  Fort  Monmouth  (Signal,vCorps), 
Contracting  funds  were  also  greatly  increased  in  the  effort  to  catch  up  to 
an  enemy  that  had  scientific  groups  investigating  improved  weaponry  since 
the  early  1920s. 

The  Office  of  Scientific  Research  and  Development  (OSRD)  was 
created,  reporting  directly  to  President  Roosevelt,  and  receiving  funds  by 
direct  appropriation  from  the  Congress,,  These. funds  were  placed  in 
private  and  governmental  laboratories.   The1  Rational  Research  Council  of 
the  National  Academy  of.  Sciences  had  been  created  during  World  War  I  and 
was,  by  the  time  of  World  War  II,  well  known- to  the  military  Services, 
which  expanded  their  use  of  it.   These  arrangements  formed  a  close 
coupling  of  the  organized  bodies  of  scientists  and,  military  leaders  having 
a  common  appreciation  of  the  importance  of,  science  and  engineering  to 
modem  warfare.   Major  wartime  expansion  of  facilities  occurred: at  several 
universities.   The  major  contributors  included  MIT,  Harvard,  Columbia,  the 
university  of  Chicago,  the  university  of  California,  the  Johns  Hopkins 
University,  and  the  California  Institute  of  Technology.   Radar,  acoustics, 
operations  research,  navigation,  and  atomic  weapons  were  just  a  few  of  the 
areas  in  which*  notable  contributions  were  made. 

Emerging  from  the  wartime  era  were  two  lasting  methodologies  for 
defense  investment  in  university  laboratory  facilities.   First,  the 
institute  concept  became  well  established,  wherein  non-profit  university 
affiliated  laboratories  conduct  applied  research,  primarily  under  DOD 
support.   Products  of  this  era  which  make  .major  contributions  today,  are 
Lincoln  Laboratories  (MIT) ,  the  Johns  Hopkins. University  Applied  Physics 
Laboratory,  the  Applied  Fhysics  Laboratory  of  the  University  of 
Washington,  the  Applied  Research  Laboratories, of  the  University  of  Texas, 
the  Applied  Research  Laboratory  of  Pennsylvania  State  university,  and  the 
Marine  Physical  Laboratory,  Scripps  Institute  of  Oceanography,  University 
of  California,  San. Diego.   Second,  the  national  Security  Act  of  1947,  and 
the  amendment  of  1948  which  established  the  three  military  Departments. and 
the  Office  of  the  Secretary  of  Defense,  provided  the  framework  that 
operates  today  for  support  of  research  at  universities  through  the  Army 
Research  Office,  the  Office  of  Naval  Research,  the  Air  Force  Office  of 
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Scientific  Research,  and  the  Defense  Advanced  Research  Projects  Agency. 
This  partnership  has  been  substantial  over  the  years;  seventeen 
institutions  of  higher  education  are  among  the  595  contractors  that 
received  awards  of  10  nil  lion  dollars  or  core  from  DOD  in  FY  83* 

C.    PRESENT  POD  SUPPORT  FOR  UNIVERSITY  LABORATORIES 

C.1  'DIRECT  FUNDING  OF  UNIVERSITY  RESEARCH 

U.S.  universities  are^a  major  factor  in  current  DOD  activities  affecting 
the  U.S.  technology  base.   Approximately  half  of  all  DOD  basic  research  (6.1) 
funds  are  expended  at  universities  ($405  million  in  contract  dollars  with 
research  budgets  totaling  $840  million  in  FY  .84),  plus  a  smaller  amount  of 
applied  research  (6.2)  funds  (approximately  $115  million  in  FY  84).   IXiring  the 
past  decade,  DOD  has  made  a  major  effort  .to  reverse  the  effects  of  the  relative 
neglect  of  university  research  that  occurred  during  the  Vietnam  war.   Figure  II- 
1  shows  the; evolution  of  DOD  funding  Jor  basic  research  (6.1)  since  1962.  The 
corresponding'  funding  history  for  "exploratory  development"  (6.2),  some  of 
which  equates  to  applied  research,  is  shown  in  Figure  II-2. 

These  figures  show  that  funding  in  current  dollars  for  both  components  of 
the  technology  base  grew  significantly  during  the  late  1970s  and  early  1980s; 
neverthelesSjVneither  has  returned  to  1965  levels  of  support  in  constant  dol- 
lars. Jsln  faci,  in  real  terms,  the  level  of  funding  for  exploratory  development 
has  been  virtually  stable  for  over  a  decade.   In  a  memorandum  to  the  Services 
dated" August  9^  1984,  Secretary  Weinberger  noted  this  situation  and  indicated 
that  the  Defense  Guidance  for  the  FY  1987-9A  PCM  would^request  8  percent  annual 
real  .growth  in  both  components  of  the  technology  base:  DOD  still  takes  that 
position.      *  \ 
<  • 

University  research  has  been  a  major  component  of  the  growth  in  DOD 
technology  base  activities  during  the  past  decade.  Table  II-1  shows  DOD  Sasic 
Research  (6.1)  funds  spent  (or  projected  to  be  spent)  at  universities  by  the 
Army,  Navy,  Air  Force,  and  the  Defense  Advanced  Research  Projects  Agency, 
(DARPA)  for  the.  years  FY  74-86.    During  the  period  FY  75  to  FY  84,  DOD  spending 
for  6.1  Basic  ^Research  at  universities  grew  at  a  real  annual  rate  of  9  percent- 
far  higher  than  the  annual  growth  of  DOD  Research  (6.1)  funds  as  a  whole. 

Table  II-1  shows  only  the  DOD  Basic  Research  (6.1)  funds  going  to 
universities.   It  includes  only  contracts  exceeding  $25,000,  and  does  not 
reflect  research  grants.  Thus  total  university  funding  is  somewhat  higher  than 
indicated.   A  similar  break-out  of  the  university  component  of  DOD  Exploratory 
Development  (6.2)  funds  is  not  available.   To  provide,  a  basis  for  comparing  6.1 
and  6.2  expenditures,  in  FY  83  a  total  of  $102.3  million  in  DOD  Exploratory 
Development  (6. "2)  .contracts  went  to  universities  while  $360  million  was 
provided  for  Research  ,(6.1) \contr?cts.   An  additional  $50  million  was  awarded 
to  universities  in  the  form  of  6.1  research  grants.   DOD  funding  for 
universities  is  not  limited  to  Research  and  Exploratory  Development.  For 
example,  DOD  RDTSE  (6.1  through  6.6)  contracts  over  $25,000  going  to 
educational  institutions  in  FY  83  totaled  $11(3.6  million.  Host  of  the  $600 
million  in  the  higher  categories  (6.3,  6.4,  6.5,  and  6.6)  was  for  R&D  in 
university  affiliated  off-campus  laboratories  and  Federally  Funded  Research  and 
Development  Centers  (FFRDCs),  or  for  vocational  and  technical  training,  and 
tuition  fees. 
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DEPARTMENT  OF  DEFENSE  FUNDING  FOR  UNIVERSITY  BASIC  (6.1)  CONTRACT  RESEARCH,  FISCAL  YEARS  1974-85* 

(I*  Millions  of  dollars) 


Service 

FY  74 
Current 

Hm> 

FY  75 
Current 

fiael 

FY  76 
Cbrreat  Reel 

FY  77 
Current  toil 

FY  76 
Qtrrant  Atat 

FY  7? 
(V/Mt  Anal 

FY  89 
thfwwtf  Am* 

13.7 

27.9 

13.4 

29.0 

19.0 

33.7 

23.7 

39.6 

76.1 

43.6 

32.0 

49.9 

39.1 

99.' 

Am  race 

23.2 

47.3 

22.9 

42.6 

20.2 

90.0 

41.0 

66.6 

49.9 

77.1 

46.4 

66.6 

99.3 

45*5 

92*7 

47.0 

89.2 

64.2 

113.6 

62.7 

J04.8 

70.6 

MO. 3 

66*4 

124.0 

109.2 

13*.' 

DAAPA 

21.9 

44.6 

19.4 

36.1 

19.1 

33.9 

16.7 

31.3 

17.9 

27.9 

21.0 

30.1 

19.8 

TOTAL 

104*3 

212.4 

:03.6 

192.9 

130.9 

231.4 

146.1 

244.3 

166.3 

299.0 

169.6 

266.6 

213.4 

7*?.l 

nm    .  n92  FY  84  rY89«  FY  66" 


Service 

Ami 

Current 

8—1 

Currant 

ARW 

46.5 

99.9 

96.1 

63.9 

71.4 

A 18  F08CC 

63.4 

76.2 

71.5 

81.0 

90.3 

KJWY 

119.0 

138.2 

142.3 

161.2 

192.2 

0WA 

27.3 

37.8 

39.4 

44.6 

46.4 

TOTft 

292.2 

303.1 

309.3 

390.3 

360.3 

77.7  80.6  84.6      63.6  83.8      87.9  6J.8 

*8.3  112.1  117.6  119.1  119.1  139.0  IM.7 

165.6  193.1  169.9  176.1  176.1  198.8  189.9 

50.9  93.9  96.6      42.7  42.7      43.4  41.4 


437.7 


*  Projection* 

••  forecast  for  Inflation  it  based  on  C80  projection 

*»ecrc«,  Cefente  Advanced  Aneerch  Project.  Aesncv,  (Constant  1983  Dollar,  deviated  vslng  em  Illicit  Price  Otf  1*0*1 

Restricted  to  Awards  exceeding  $25 #000*  grants  are  not  included 
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DOD  sponsors  research  and  development  at  diversities  to  ensure  the 
progress. in  fundamental  knowledge  that  is  necessary,  in  the  long  run,  to 
maintain' U.S.  technological  superiority.  The  resulting  university  research 
programs  also  serve  to  benefit  universities  in  a  variety  of  ways.   By  providing 
opportunities,  to  .perform  basic  research. at  the  forefront  of  science  and 
engineering,  research  progress  at  universities  help  to  create  an  environment 
that  can  attract  and  retain  faculty  and  students.   Past  studies  suggest  that, 
on  average ,\  $1  million  of  funding  for  research  provides  full  or  partial 
financial  support  for  10-15,  graduate  students.   Using  this  measure,  DOD 
provided  financial  assistance  for  over  4000  graduate  students  through  its 
university  research  programs  in  FY  84.   In  addition,  as  will  be  noted  below, 
DOO-r  elated 'research  programs  also  have  significant  effects  on  laboratory 
instrumentation. 

-C.2   IKSTfflJHEKTATIOH  PROGRAM 

Instrumentation  is  essential  to  modern  research.   Modern  instruments  with 
qualitatively  superior  capabilities  for  analysis  and  measurement  often  open  new 
fields  of  scientific  inquiry.    In  some  scientific  areas,  access  to  the  most 
advanced  scientific  instrumentation  determines  in  large  measure  the  extent  to 
which  scientists  can  work  at  the  cutting  edge  of  their  field. 

The  Department  of  Defense,  in  concert  with  the  scientific  and  university 
community,  state  and  other  federal  agencies,  and  the  Congress,  perceived  that 
the  condition  of  research  instrumentation  in  U.S.  universities  declined 
significantly  during  the  1970s.   The  Association  of  American  Universities 
(AAU),  in  a  report  to -the  national  Science  Foundation  (NSF)  in  June  1980  (see 
Chapter  III),  concluded  that  the  equipment  being  used  in  the  top  ranked 
universities  has  a  median  age  twice  that  of  the  instrumentation  available  to 
leading  industrial  research  laboratories,  an  additional  factor  in  the 
attraction  of  potential  faculty  to  industry". 

The  instrumentation  problem  has  been  growing  for  more  than  a  decade. 
It  reflects  both  economic  factors  and  funding  patterns; 

o  The  cost  of  equipment  has  risen  much  faster  than 
inflation. 

o  The  system  of  one  to  three  year  contracts  in  the 
$50,000  to  $100,000  per  year  range  with  individual 
investigators  is  not  conducive  to  obtaining  equipment 
that  costs  more  than  $50,000. 

o  Rapid  technological  advances  are  rendering  research 
equipment  obsolete  at  an  ever  increasing  rate. 

In  response  to  the  foregoing  situation,  DOD  ha.3  encouraged  researchers 
to  include  more  of  their  equipment  needs  in  proposals  and  emphasized  that  DOD 
does  not  set  arbitrary  limits  on  the  amount  of  money  that  may  be  requested  for 
instrumentation.   This  approach  has  been  helpful  for  equipment  needs  in  the 
$50,000  range  or  less.   However,  new  money  was  clearly  needed  for  some  of  the 
more  expensive  items  required  to  modernize  university  laboratories.  These 
funds  were  provided  in  FY  8?  through  the  DOD-University  Research 
Instrumentation  Program  (URIP),  which  received  Congressional  approbation. 
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URIP  provides  $150  million  over  five  years  for  university  research 
equipnent.   Each'  of  the  three* Services  is  programed  to  spend  $10  million  per 
year.   So  far,  $90  million  has  been  spent  on  652  awards  going  to  i52  institu- 
tions in  ^states  and  Washington,  D.C.,  Guam,  and  Puertt  Rico.   While  URIP  is 
having  a  major  lmpeot  on  the- equipment  needs  of  researchers  doing  work  of* 
interest  to  D0D,  it  cannot  solve  the  whole  university  instrumentation  problem. 
In  the  first-year  of  URIP,  K)D  received  2,500  proposals  representing  requests 
for  $646  million  worth  of  equipnent.   While  some  of  these  requests  *>ere  for 
equipment  to  support  research  in  areas  not-usually  tunded  by  D0D,  this  response 
is  a  significant  and  impressive  measure  of  the  needs  of  the  universities. 

URIP  is  the  most  visible,  but  not  the  sole,  DOD  response  tc  che 
university  instrumentation  problem.   As  noted  previously,  each  of  the  Services 
and  DARPA  have  encouraged  current  and  prospective  contractors  to  make  their 
equipnent  needs  known,  In  order  that  many  of  the  less  expensive  iter.s  could  be 
purchased  as  an  Integral,  part  of  research  program  funding: 


o   Approximately  10  percent  of  Army,  Kavy,  and  Air  Force  research 
contract  funding  is  a>plied  to  equipment  purchases,  mos*.  of     w  .1 
under  $50,000.   Grants  under  the  URIP  program  provide  an  adu  tional 
comparable  dollar  amount  for  equipment  costing  more  than  $50,000. 

o  The  portion  of  the  Army  Research  Office  (ARO)  contract 
program  devoted  to  Instrument  purchases  has  increased 
steadily  over  the  past  decade;  in  FY  85,  such  purchases 
will  represent  about  .$6  million  or  the  ARO  contract 
research  program. 

o   University-related  equipment  purchases  associated  with 
the  Contract  Research  Program  of  the  Office  of  Naval 
Research  (0NR)  Increased  from  $11.2  million  in  1979  to 
$16.6  million  in  198*1. 

o   Between  1975  and  1985,  vested  equipnent  funding  by  the 
Air  Force  Office  of  Scientific  Research  (AFOSR),  during 
the  usual  course  of  its  sponsored  research  program, 
Increased  from  $2  million  to  $8  million. 

o   Although  DARPA  does  not  participate  In  the  URIP  progran,  10  to  20 
percent  of  its  university  program  funds  have  been  utilized  for 
equipnent.    In  1981 ,  DARPA  began ,a  modernization  progran  focused  on 
obsolete  equipment  and  the  need  for  greater  computational  power.  From 
1981  to  1931,  equipment  purchases  by  universities  using  DARPA  funds 
increased  from  $6.7  million  to  $16.8  million. 

In  certain  ceses  where  the  equipnent  for  major  research  efforts  has  been 
especially  costly,  provisions  have  been  made  for  extraordinary  purchases. 
Examples  Include  the  purchase  of  large  main  frame  computers,  semiconductor 
processing  lines,  molecular  beam  epitaxy  and  analysis  chambers,  and  ARPANET 
computational  and  communication  facilities  by  DARPA,  and  an  ongoing  0NR  progran 
to  refurbish  selected  research  vessels. 
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In  FY  W4,  in  addition  to  the  $36  million  per  year  of  special  URIP 
purchases,  the  three  Services  and  CARP  A  purchased  over  %H5  million  worth  of 
research  instruments  and  equipment  for  universities  in  connection  with  their 
research  contracting  activities* 

C,3   UNIVERSITY' RESEARCH  INITIATIVE 

In  FY  8ff,  -COD  plans;. to  establish  new  research  program  elements  that  will 
be  focused  exclusively  on  £he  DOD/miyersity  relationship*   Total  proposed 
funding  for  the/new  program  elements  is  $25  million  In  FY  86  and  *50  million 
in  FY  R7,    Significant  additional  growth  Is  expected  after  -  FY  87,   Each  of  the 
Services  awl  DftRPA  will  implement  programs  witMn  these  program  elements  to 
meet  the, priorities  of  their  own  relationships  with  the  academic  ccmmuiity. 
Although- the  specific' proportions  will  vary  from  Service  to  Service,  graduate 
fellowships,  support ifor  youngvihvestigators,  purchase  of  research- instrumenta- 
tion, support  of  special  research,  programs,  and  prograns  to  improve  the 
interactions  betweenDOD  laboratory  and  diversity  researchers,  will  be  part  of 
the' total  DOD  package, 

COORDINATION  ACTIVITIES 

DOD  has  long  recognized  .that 'the, academic  community  Is  an  Invaluable 
source  of  expert  odvlce.  The  Department  draws  on  science  and 'engineering 
faculty  as  individual  consultants  and  as  members  of  DOD  advisory  committees. 
To  insire  more  effective  communication  with ,the  academic  community,  DOD 
established  the  DOE/University  Forun  In  December  1983*   During  Its  first  year, 
the  Forun  has  provided  a'mechanism.fbr  dialogue  between  DOD  and  the  academic 
community  fon  policy  and  other  issues  of 'mutual  interest,  '  One  significant 
outcome  of  its  activities  during  the  past  year  was  the  establishment  of  a  new 
frM)  policy  on  the  transfer  of  scientific  Information,    It  establishes  an 
appropriate  balance  between  the  conflicting  imperatives  of  national  security 
and  open  scientific  communications.  The  Forun  Working  Group  on  Science  and 
Engineering  Education  addressed  many  issues,  including  that  of  research 
instrumentation. 
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CHAPTER  III 
PREVIOUS  STUDIES 


\ 


nrenJaTfiSf *L  ?l  ?25-ies  °J  Jniver?.ity.  laboratory  facilities  have  oeen 
prepared- since  the  late  1060s.   For  a  comprehensive  listing  and  sanmary  of  such 
stales  prepared-by  Linda  S.  Wilson  of  the  University  of  Illinois  at  Urbana- 

^fKAppendii\  M?ny.of  «»»'atulJ«s  have  c6ncluded  that  a 
problem  exists  with  respect  to  inadequate  and  deteriorating  university 
laboratory-research  facilities.   Some  of  the  studies  are  qualitative  and 

o^ft^fST^  T8!?13  for  the  w8*ort  of  t*UitiM  renewal.  Cthers.are 
quantitative>and  are  based  on  surveys  of  the  conditions  of  facilities,  with 
projentions.of  the  amount  and  cost  of  construction  and  renovation  required  to 

S^mEiM*!?!',  bB?1C  ~?clusion  draim  i»  «»t  renewal  and  replacement 
orfacilities  are  an  important  element  in  assiring  a  national  technology  base. 

ZSL     £  «^r!.releJalt  Stu^ie?  for  the  P"n>M"  °f  this  report  are  discussed 

w'ul£Xi££X." their  findin8S  in  ?aaparison  t0  the  — 1 

A*  report  to  the. National'Science* Foundation  (NSF)  by  the  Association  of 
■African  diversities  <AAU>  in  June,  1980,  *was  devoted  to^SSStlSs 
tostrunen^tlon.Hwd5  of  Research  ltoiversi6fes."   Numerical  data  for  the  study 
were  gathered  from 14  universities  and  To  ur  cohere  ial  laboratories.  The 
report  found  that  the  median  age  of  university  equipnent  was  twice  that  of  the 
commercial* laboratories'  instrumentation,   Concluding  that  "the  quality  of 

^25Ch;in^MlfJentatJon  'in  ?aJor  univeVsity  laboratories"  has  seriously 
eroded,  the^AAU  report  recommended- that :\  y  " 

"Federal  policy  for  the  support  of  Research  instrumentation  should 
provide  for  a  basic  three-part  funding  strategy: 

o  Strengthen  instrumentation  funding  in  the  project  system. 

o   Expand  special  instrumentation  programs, 

o  Create  in  the  National  Science  Foundation  a  new,  supplemental 

institutional  ne^ds™      PP0Vlde  nexibllity  to  meet  diverse 

""  Li1.981  ?fSyJP£2?ared       the  on  S0^™*       Research  of  the 

^.Yf^ifl  71,6  Eton's  Deteriorating  University  Research  Facilities," 
™lr        ?J»lV<eJ  of^ft  fxpenditires  and  projected  needs  of  fifteen 
stud?  Uere:  disciplines.    The  principal  findings  of  the 

o  A  substantial  backlog  of  research  facilities  and  equipnent 
needs  was  accumulating. 

•   o  During  the  197R-81  period,  for  the  six  fields  surveyed,  the 
fifteen  universities  spent  MOO  million  for  facilities 
and  major  equipnent.    in  the  next  three  years  ( 1982-8*0 , 
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these  universities  expected  to  spend  almost  twice  as  ouch 
(*765  million),  Just  to  produce  the  necesscry  research 
facilities  and  special  research  equipment  for  current 
faculty  only. 

o  New  construction  to  replace  outmoded  facilities  accounted 
for  almost  60  percent  of  total  projected  funding 
requirements  across  all  fields. 

o  In  addition,  substantial  needs  for  major  research 
equipment  were  identified  in  all  six  fields. 

Table  III— 1  shows  the  expenditures  and  projected  ,*eeds  for  those 
discipline^  included  in  the  present-report.    Projected  needs  for  both 
facilities  and  equipment  were  f8r  larger  (by  factors  ranging  from  three  to 
almost  ten)  than  actual  expenditures  for  an  equivalent  period  Immediately 
preceding  the  report.   The  extent  to  which  these  differences  represented 
realistic  assessments  of  the  pent-up  facilities  demand,  and/or  an  effort  on  the 
part  of  survey  respondents  to  "make  a  statement,"  is  open  to  question. 

Among  the  recommendations  of  the  AAU  study  was: 

o  Provided  that  a  review  by  key  government  agencies  corroborated  the 
assessment  of  the  survey,  the  "Department  of  Defense,  Department  of 
Energy,  the  Rational  Aeronautics  and  Space  Administration,  the 
Department  of  Health  and  Human  Services,  and  the  Department  of 
Agriculture  should  establish  research  instrumentation  and  facilities 
rehabilitation  programs  targeted  on  the  fields  of  science  and 
engineering  of  primary  significance  to  their  missions." 

—   In  1962,  Flad  &  Associates,  a  Wisconsin  architectural  and  planning  firm, 
published  their  "Capital  Spending  Study  o   Research  and  Development 
Laboratories."  Since  the  study  focused  exclusively  on  the  spending  plans 
of  private  industrial  firms,  it  provides  a  useful  basis  for  comparison  with 
the  plans  of  universities  dealt  with  in  the  AAU  studies  described  above. 

The  Hid  study  was  based  on  a  survey  of  some  5800  directors  of 
Industrial  research  laboratories.   About  twelve  percent  of  them  responded 
with  detailed,  confidential  estimates  of  planned  spending  for  plant  and 
equipment  in  the  ensuing  three  years  ( 1983-85) .   The  firms  surveyed 
were  considered  more  representative  of  large  research  laboratories  (25-100 
staff)  than  smaller  laboratories  (less  than  25). 

Among  the  major  findings  of  the  Flad  study  were: 

o  Estimated  spending  on  research  and  development  plant 
for  1983-85  by  responding  firms  was  $1.«  billion. 

o  Estimated  spending  on  research  and  developaent 
equipment  for  1983-85  was  $1.2  billion. 

o  Nearly  (JO  percent  of  the  laboratories  of  responding 
firms  were  built  less  than  ten  years  before  the  survey; 
of  these,  50  percent  had  undergone  additions  or 
renovations  subsequent  to  initial  construction. 
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Table  III-l 


Actual  and  Projected  Expenditures  for  Research  Facilities 
(new  construction/renovation)  and  Special  Research  Equipment 
for  15  Major  Research  Universities 
(thousands  of  dollars) 


FACILITIES  SPECIAL  RESEARCH  tQUlm^XT 


FIELD 

197B-PO 

19R1 

PROJECTED 
KEEOS 

19R2-M 

1978-80 

1981 

PROJECTED 
NEEDS 

1982-8*1 

Chmlcal  Sciences 

1?.8*5 

115.02? 

6,701 

1,767 

11,688 

Engineer Ine 

19.5^9 

18,476 

183,106 

16,101 

10,957 

33.222 

Physics 

11,700 

5,818 

74,725 

1,603 

1.092 

22,«>90 

Source:  «Ihe  Nation's  Deteriorating  University  Reseirch  Facilities", 
Association  of  Aaerlcan  Universities,  19S1 


•  X  » 
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For  the  purpose  of  this  report,  the  Flad  study  has  some  interesting 
implications.   If  the  study's  findings  are  extrapolated  onto  the  entire 
sample 9  total  national  private  industry  projected  capital  spending  for 
research  and  development  would  be  about  $20  billion  for  1983*35  (about  $11 
billion  for  plant  and  about ,$9.2  billion  for  equipment).   This  compares 
with  estimates  of  $1  billion  for  total  average  annual  planned  investments 
in  university  science  and  education  facilities.  For  Industrie! 
laboratories  whose  annuel  research  and  development  budgets  were  in  the 
range  of  1  to .15  million  dollars  (45  percent  of  the  responding  firms),  the 
expenditure  planned  for  was  about  13  percent  of  their  annual  operating 
budget  each'  year  for  the  three  years  beginning  in  1983.   The  ratio  of 
planned  expenditures  for  equipment  and  plant  by  private  industry  was  about 
the  same  (unity)  as  that  shown  for  universities  in  Chapter  IV  below. 

—  The  NSF  published  a  study  of  "Academic  Research  Equipment  in  the  Physical 
and  Computer  Sciences  and  Engineering"  in  December  1984.  This  study 
surveyed  H$  universities;  respondents  exhibited  serious  concern  about  the 
adequacy  of  fheir  current  stock  of  research  equipment.   Among  the  findings 
of  the  study  were: 

0  About  half  of  the  department  heads  in  physical  and  computer 
sciences  and  engineering  characterized  research  instrumenta- 
tion available  to  un tenured  and  tenured  faculty  as  "insuf- 
ficient." 

0  90  percent  of  the  department  heads  surveyed  ^reported  that, 
as  2  result  of  lack  of  needed  equipment,  their  research 
personnel  could  not  conduct  critical  experiments  in 
important  subject  areas. 

0  The  top  priority  need  was  to  upgrade  and  expand  research 
equipment  in  the  $10,000  to  $1,000,000  range. 

0  The  estimated  original  purchase  cost  of  the  entire  1982 
stock  of  all  $10,000  to  *1 ,000,000  academic  research 
equipment  that  had  been  accumulated  in  the  fields  surveyed 
was  about  $1  billion. 

0  Only  16  percent  of  those  systems  were  classified  as  state-of- 
the-art.  Of  the  equipment  tint  was  not  in  the  state-of-the- 
art  category,  over  half  was  in  less  than  excellent 
condition;  about  half  of  such  equipment  was  the  most 
advanced  to  which  researchers  had  access. 


In  addition  to  the  studies  and  data  surveyed  above,  the  NSF  has 
released  a  variety  of  data  that  are  of  special  interest  for  this 
report.   Table  II 1-2  gives  seven-year  trend  data  on  capital  expendi- 
tures at  all  U.S.  universities  for  both  research  and  instructional 
purposes.   Unfortunately,  there  does  not  appear  to  be  any  systematic 
way  of  extracting  purely  research  facility  expenditures  from  these 
figures.   The  two  research  categories  cited  correspond  roughly  to  the 
five  disciplines  addressed  in  this  report. 
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TAELE  III-2 

Research  and  Instructional  Capital  Expenditures 
at  Colleges  and  Universities* 

(thousands  of  dollars) 

FIELD                    1976          1977         1979         1980  1981  1982  1983 

Engineering            8**,o78       87,718     87,128      89,297  103,329  133,990  13*1,701 

Physical  Sciences    73,755       65,216      63,685      77,153  87,813       82,362  87,073 

Total:       155,333      152,933     151,813     166,351  191,132  227,352  221,773 

Source:   National  Science  Foundation 
*  1978  Data  not  available. 
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Research  equipoent  expenditures  for  U.S.  colleges  end  universities 
are  summarized  in  Table  111*3  for.  1982  and  1983-   The  data  were  obtained 
from  85  percent  of  U.S.  universities  in  response  to  an  NSF  questionnaire 
concerning  non-capital  Jzed- equipment,  expenditures.   Engineering  equipment 
purchases  averaged  approximately,  $70  ail  lion  for  the  two  year  period.  The 
category  compares, roughly  to  the  combined  engineering,  electronics,  and 
materials  categories  of  this  report. 

Table  IIM  lists  1982  estimated  research  equipaent  expend!* 
tires  for  157 .of  the  largest  research  universities.   These  157 
institutions  collectively  accounted  for  95  percent  of  all  nonmedical, 
non-FFRDC'R&D  expenditures  reported  to  KSF  for  FY  1980  by  all  U.S. 
colleges  and  universities.   Thus,  although  the  survey  represented 
only  a ;snall>  fraction  of  the  nation's  approximately  3,000  post* 
secondary  institutions,  it  encompassed  most  institutions  with 
significant  capabilities  for  the  kinds  of  advanced  research  that 
require 'instrumentation  in  the  $10,000+  range.   The  quoted  figures 
are  somewhat  higher  than  those  in  Table  111*3,  since  they  include 
capitalized  equipaent,  whereas  the  data  of  Table  111*3  do  not. 
As  in  Table  III-3,  the  engineering  category  compares  roughly-  to  the 
combined  engineering,  electronics,  and  materials  categories  of  this 
report. 

Acquisition  and  replacement  costs  as  of  1982  for  research 
equipment  in  the  physical  sciences  and  engineering  are  given  in  Table 
111*5.   The  total  replacement  value  in  1982  dollars  for  both  fields 
exceeded  $1  billion.    It  is  interesting  to  note  that  equipment 
maintenance  in  both  the  physical  sciences  and  engineering  represented 
5  percent  of  replacement  costs. 


*  * 
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TABLE  III-3 


Annual  Expenditures  for  Research  Equipment 
at  Colleges  and  Universities 
(thousands  of  dollars) 


FIELD  1982  1983 

Engineering  65,861  75,171 

Aero/Astro  2,284  2,837 

Chemical  6,442  6,172 

Civil  5,164  6,086 

Electrical  18,454  20,685 

Mechanical  7,390  10,008 

Other  26,127  29,383 

Chemistry  33,323  32,826 

Physics  and  Astronomy  38,316  39,916 

Totals:  111,373  118,530 


Source:   National  Science  Foundation 
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TABLE  III-4 

Inst rucsen tat  ion-related  expenditures  in  acadenic  departments  and  facilities, 
by  field  and  type  of  university:   National  estlaates,  FT  19821 

 f Dollars  in  millions! 


Ft  1982  expenditures- 


Principal  field  of  research 
in  department/ facility  and 
type  of^university 


Purchase  of 
Total  research  1 
equipment*2 


Purchase  of  Maintenance/ 
research-     repair  of 
related  research 


computer^ 
services? 


equipment1 


Total,  selected  fields 

$375.6  $231.0 

$84.7 

$60.0 

Field  of  research 

Physical  sciences,  total 

156.6 

9«.5 

33.9 

28.2 

Chemistry 

73.7 

39.6 

23.3 

10.8 

Physics  and  astronomy 

83.7 

55.2 

10.9 

17.6 

Engineering,  total 

154.* 

90.9 

43.9 

19.6 

Electrical 

52.9 

36.2 

11.5 

5.2 

Mechanical 

23.0 

8.7 

10.8 

3.5 

Metallurgical/materials 

7.4 

0.8 

1.2 

Chemical 

15.8 

7.8 

5.7 

2.3 

Civil 

16.4 

9.6 

5.4 

1.4 

Other,  n.e.c. 

36.7 

21.3 

9.5 

5.9 

1  Statistical  estimates  encompass  all  research  departments  and  all 

nond epar taental  research  facilities  in  the  physical  sciences,  engineering 
and  computer  science  at  the .157  largest  R&D  universities  in  the  U.S., 
except:   (a): departments  with  no  research  instrument  systems  costing 
$10,000  or.  more  and  (b)  research  installations  consisting  of  interrelated 
components  costing  overr$1  million  (large  observatories,  reactors, 
accelerators,  etc.)  ;>tSanple.  size  s~353  departments*  facilities,  the 
columns  below  do  not  add  up  to  the  indicated  totals  because  computer 
science  and  interdisciplinary  have  been  omitted  from  this  abbreviated 
version  of  the  original  table.'.0*  *  -  * 

2  Estimates  refer  to  expenditures  for  nonexpendable,  tangible  property  or 

software  having  a  useful  life  of  more  than  two. years  and  an  acquisition 
cost  of  $500  or  more, ''used  wholly  or  in  part  for  scientific  research. 

3  Estimates  refer  to  purchase  of  computer- services  at  on-campus  and  off- 

campus  facilities  but  not  to  purchase  of  computer  hardware  or, software. 

*  Estimates  encompass  expenditures  fr-  service  contracts,  field  service, 
salaries  of  maintenance/repair  personnel,  and  other  direct  costs  of 
supplies,  equipment  and  facilities  Tor  servicing  of  research  instruments. 


Source:  *  Academic  Research  Equipment  in  the  Physical  and  Computer  Sciences 
and  Engineering".;  National  Science  Foundation,  December,  1984. 
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TABLE  HI-5 

Kunber  and  aggregate  cost/value  of  academic  research  instrument 
systems  in  active  Research  use,  by  field  and  type  of  university: 
National  estimates,  1982. 1 

-  '  [Dollars  in  pillions!  

*        ~.  T        ~~F         "    "    Index  or  aggregate  cost/value 

Principal-ffeld  of  iNusber   \    ■  *  '  

research  use  and,,    !  "of  \   \  Purchase  Acquisition  Kepiacement  \9&d  cost- 
type  of-university  (systeas  !   cost2 1    cost3   '      value*  equivalent5 

Total,  selected        17,586    $758.1      $703.2        $1,123.7  $1,162.8 
fields 


Field  of  research 


Physical  sciences, 

8,424 

373.6 

^53.2 

529.3 

610.2 

total 

Chemistry  • 

4,791 

210.4 

201.1 

295.0 

331.7 

Physics  and  "  * 

163.2 

152.1 

234. * 

278.4 

astronomy 

Engineering,^  total 

6,829 

259.4 

2?2.4 

413.3 

?74.6 

Electrical 

1,650 

66.4 

56.C 

92.2 

89.0 

Kechanical 

1,363 

50.9 

47.8 

95.5 

66.9 

Metallurgical/ 

998 

39.0 

36.6. 

65.2 

60.9 

materials 

Chemical 

682 

23.3 

22.8 

28.6 

32.3 

Civil 

397 

14.1 

13.9 

22.4 

21.6 

Other,  n.e.c. 

1,739. 

65.7 

55.3 

109.0 

104.0 

1  Statistical  estimates  refer  to  research  instrument  systems  (including  all 

dedicated  accessories  and  components)  originally  costing  $10, 000-$ 1,000, 000 
in  physical,  .science,  engineering,  and  computer  sciencetdepartments  and 
facilities  atJ  the  157Uargest  R&Dcolleges  and  universities  in  the  U.S. 
EstimatesTUoited  to  .systems  used  for  research  in  "1982.   Saaple  size  = 
2,582  systems.   The  columns  below  do  not  add  up  to  the  indicated  total 
because  computer  science,  materials  science,  and  interdisciplinary  have 
been  omitted  frcmthis  abbreviated  version" of  the  original  table. 

2  Manufacturer's*  list  price  aV  time* of  original  purchase. 

^  Actual  cost  to  acquire  instrument  system  at  this  university,  including 
transportation  and  construction/labor  costs. 

4 

User  estimate  of  1982  cost  of  same  or  functionally  equivalent  equipment. 

5  Original  ^  purchase  cost  converted  to  1982  dollars  lising  Machinery  and 

Equipment  Index  of  the  Bureau  of  Labor  Statistics'  Annual  Producer  Price 
Jndex  to  adjust  for  inflation. 

Source:   "Academic  Research  Equipment  in  the  Physical  and  Computer  Sciences 
and  Engineering";  National  Science  Foundation,  December,  1984. 
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CHAPTER  IV 


SELECTIVE  UNIVERSITY  LABORATORY  MODERNIZATION 


A.  INTRODUCTION 


This  cnapter  addresses  selected  laboratory  needs,  i.e.  facilities 
and. related  equipment,  for  a  segment  of  the  research  university 
community  representing  key  performers  of  DOD  research  for  the 
disciplines  and  thrust  areas  enumerated  in  Chapter  I.    Ihese  needs, 
stratified  by  discipline  and  priority  in  Table  IV-1,  reflect  the 
judgment  of  university  research  performers  and,  in  certain  cases,  of 
administrators  in  the  Service  research  offices  (OXRs)  and  the  .Defense 
Advanced  Research  Projects  Agency  (DARPA).    It  should  be  emphasised  that 
the  cost  figures  in  Table  IV-Uare  estimates  of  university  laboratory 
upgrade  and  modernization  initiatives  designed  to  bring  university 
laboratories  closer  to  sufficiency  from  the  DOD  perspective.  As 
previously  indicated,  they  represent  In  many  cases  only  partial  funding 
of  the  facilities  in  question  through  multiple  sponsor  arrangements. 
They. are  not  intended  to  encompass  laboratory  needs  of  the  entire 
university  research  community.   The  latter  Issue  has  been  addressed  in 
the  various  studies  cited" In  Chapter  III.   Facilities  costs  vary  among 
and  within  disciplines,  reflecting  special  requirements  for  the  various 
thrust  areas.   They  encompass  both  floor  space  requirements  and 
laboratory  accessories  not  falling  within-the  Instrumentation  category. 
Thus,  not  all  expenditures  classified  as  "facilities"  represent 
requirements  for  new  or  renovated  buildings.   The  stated  new  floor  space 
requirements  .are  expressed  Ip  "gross"  (as  opposed  to  "net")  square  feet 
at  $12C/ft2.    Laboratory  renovation  costs  are  calculated  at  *90/ft  . 

The  allocation  of  laboratory  needs  anong  the  five  disciplines 
required  the  exercise  of  judgment  as  to  the  appropriate  division  between 
(a)  the  parent,  pure  science  fields  of  Physics  and  Chemistry,  and  (b) 
the  applications-focused  areas  of  Electronics,  Engineering,  and 
Materials.    Ultimately,  such  decisions  are  to  an  extent  arbitrary. 
FUrther,  there  are  clearly  a  great  nimber  of  ways  to  stratify  facilities 
and  equipment  needs  In  terms  of  disciplines  an<l  thrust  areas.  The 
scheme  presented  in  this  report  is  thus  only  one  of  .many  possible 
approaches. 

Priority  1  facilities  needs  for  the  five  subject  disciplines, 
pro-rated  over  a  five-year  expenditure  period,  are  $32  million  per 
year.   The  expenditure  level  Is  equivalent  to  the  URIP  annual  allocation 
of  $30  million.    It  is  also  of  interest  to  note  that  priority  1  equip- 
ment requirements  are  $31  million  per  year,  i.e.,  almost  identical  to 
the  annual  expenditure  rate  of  the  five-year  $150  million  URIP  initi- 
ative.   Unquestionably,  some  portion  of  the  $155  million  Priority  1 
equipment  needs  cited  in  this  report  will  be  addressed  during  the  final 
two  years  ($60  million)  of  the  URIP  program. 
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Table  IV- 1.  Sunary  of  selected  laboratory  needs  of  major  university 
performers  of  defense  research. 


Cost  (>  thousands)* 


Discipline 

Priority 

Building  _ 
Requirements  (gross  ft*) 

Facilities 

Equlpsent 

Total  Costs 

Chad  s  try 
Subtotals 

1 

2 

35,000 
112.000 
117,000 

5,000 
11.700 
WJW 

11,000 
3?.ipo 

19,000 
78.100 

Electronics 
Subtotals 

1 

2 

130,000 
25,000 

155,oo0 

19,000 
6,000 

55t0S5 

33,000 
8,000 
41,000 

82,000 
11.000 
56,000 

Engineering 
Subtotals 

1 

2 

296,500 
15,300 

36,200 
8,900 
15,100 

39,000 
18,300 
577300 

75,200 
27,200 

lO^OO 

Materials 
Subtotals 

1 

2 

220,000 
170,000 

55,000 
29,000 
8l,6o0 

62,100 
36,100 
9&7500 

117,100 
65.100 
182,500 

Physics 
Subtotals 

1 

2 

80,000 
131,000 
211,000 

15,800 
25,700 
41,500 

9,300 
163,300" 

25,100 
189,000" 
211,100" 

Suaaary 

1 

2 

761,500 
783,300 

161,000 
111.300 

157,100 
259.100" 

313,100 
373.700" 

Totals 

1,511,600 

275,300 

1l6,fi00** 

692,100** 

•numbers  are  rounded  to  the  nearest  $100  thousand. 

••Includes  $150  edlllon  for  astrophysics  high  angular  resolution  Imager. 
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B.  DISCIPLINES 

B.I.  Chemistry 


Large  facilities  are  playing  an  increasingly  important  role  in 
chemical  research.   It  has  been  an  evolutionary  process,  starting  with 
opportunities  provided  by  large  instrumentation  and  moving  to  facilities 
comprised  of  clusters  of  large  integrated  instrumentation/computational 
facilities  in  regional  spectroscopic  facilities. 

Ultra  high  vacuun  chambers  with  sophisticated  analytical  instrumenta- 
tion using  laser,  electron,  and  ion  cluster  beau,  together  with  various 
spectrometers,  are  mandatory^ for  Reading  edge  research  in  many  areas  of 
chemistry..  Lasers  have  become  important  analytical  tools  to  study  the 
dynamics  of  chemical  reactions  and'  to  photoinduce  reactions.  These 
Instruments  are  usually  short  wavelength  visible  or  ultraviolet  tunable 
lasers  that  are  themselves  pushing"  the  limits  of  laser  technology  and 
hence  require  considerable  expertise  and  expense  to  operate  and  maintain. 
In. addition,  many  research  projects  are  concerned  with  the  chemistry  of 
materials  processing,  such  as  integrated  circuit  fabrication,  that  demand 
clean  room  facilities  by  their' very  m»*".:r?. 

In  order  to  remain  globally  competitive,  particularly  in  areas  of 
chemistry  of  importance  to  Dpl>  '<  ias  been  recently  recognized  that 
traditional  chemical  rer<°.rch  laboratory  facilities  at  universities  are  in 
serious  need  of^  upgrading  and  chat  shared  centralized  new  facilities  are 
necessary  due  to  the  high  costs  of  the  instrumentation  and  environmental 
control  required.    This  evaluation  applies  to  the  two  topical  areas 
identified  by  DOD  research  managers  as  candidates  for  facilities 
upgrading,  based  on  scientific  opportunities  and  on  laboratory  needs. 
These  priority, topics  are  laser  chemistry  and  polymeric  materials. 

Lasers  have  become  a  valuable 'tool  in  many  branches  of  chemistry. 
Catalytic  activity  and  selectivity  can  be  studied  by  using  laser  Raman 
spectroscopy  to  determine  the  vibrational  modes  and  polarization  of 
structures  of  molecules  adsorbed  on  single  crystal  surfaces.   High  powered 
photo-ionizing  lasers  can  be  used  in  conjunction  with  ion  cyclotron 
resonance  spectroscopy  to  study  the  role  of  metal  ions  as  selective 
chemical  ionization  reagents.   Laser  induced  fluorescence  of  metallic  ions 
and  subsequent  transfer  of  energy  to  neutral  ions  may  yield  superior 
detection  limits,  compared  to  well  established  analytical  techniques  that 
employ  fluorescence  of  neutral  metal,  ions  in  flames.   Two  step  laser  photo 
dissociation  of  small  molecules  can  be  used  to  elucidate  isotope 
separation  and  enrichment  processes.    In  this  latter  process,  an  intense 
pulsed  infrared  laser  vibrationally  excites  molecules  containing  the 
chosen  atomic  isotope  and  a  second  ultraviolet  laser  photodissociates  the 
molecule,  allowing  the  desired  atomic  isotope  to  be  collected  from  the 
photo  fragments.   These  examples  indicate  the  utilitarian  richness  of 
lasers  in  modern  chemistry  and  illustrate  that  often  they  are  used  in 
combination  with  other  sophisticated  analytical  equipment.    The  facilities 
investment  described  here  would  establish  fifteen  laser  chemistry  centers 
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where  the  operation  and  maintenance  of  the  lasers  would  be  accomplished  by 
support  specialists  to  serve  several  research  projects.   On  an  even  larger 
scale  of  centralization,  a  single  free  electron  laser  facility  would  also 
be  established  to  provide  a  very  intense  and  widely  tunable  source  of 
radiation. 

Polymeric  materials  are  found  in  most  military  equipment,  because  of 
their  excellent  chemical  stability,  mechanical  properties,  and  low  cost. 
The'majority  of  the  research  support  for  improvements  in  "these  materials 
comes  from  industry  in  pursuit,  of  commerjcial  applications,  although  DOD 
does  support  some  research  specific  to  stringent  military  requirements. 
However,  the.polymer  research  of  greatest  interest  to  DOD,  and  for  which 
university,  facilities  upgrades  are  heeded,  concerns  conducting  polymers 
and  polymeric  aporoaches  to,  structural  composites,  ceramics,  and  self- 
reinforcing  poly^rsi,   It  is  important  to  note  t'hat  independent  industrial 
support  of  research  in  these*  areas  is  minimal  or  not  aimed  at  DOD  needs. 

Conducting  polymers  that  would  combine  the  processability, 
durability,  and, light, weight  of  plastics* with  the  electrical  conductivity 
of  metal  would  find  a  wide  range  of  applications  in  military  systems 
ranging  from  solar  cells  and  batteries  to  integrated  circuits  and  stealth 
structures.    Polyacetylene  was  the  first  organic  polymer  to  exhibit 
electrical  conductivity  that  could  range  from  that  of  glass  to  that  of 
metal,  depending. on  the  amount  of  dopants  introduced.   Doping  methods  have 
expanded  to  include  solution  doping,  ion  implantation,  and  electrochemical 
doping.  Other  new  polymers 'have  been  made  conducting,  including 
polypyrrole*andtpblythiophene.    Polymer  processability  and  stability  are 
degraded  by  the  doping  methods  currently  used  to  induce  conductivity. 
Much  research  is  directed  at  improved  doping  techniques  and  on 
incorporating  conducting  polymers  into  nonce  ducting  polymer  matrices,  as 
well  as  fundamental  studies  to  explain  the  .^chanism  of  electroactivity . 

Fiber  reinforced  composite  structural  materials  are  finding  many 
engineering  applications,  some  of  which  are  described  under  Materials  and 
Engineering*   Examples  of  the  Chemistry  research  topics  include 
organometallic  polymer  precursors  for  producing  the  fibers  and  self- 
reinforced  or  ordered  polymers  to  attain  the  mechanical  properties  of 
fiber-reinforced  composites  without  the  need  for  fiber  reinforcement.  The 
most  notable  of  the  self-reinforced  polymers  developed  under  DOD 
sponsorships  polVbenzothiazole  (PBT),  which  exhibits  an  extended  rigid 
chain  alignment  at  the  ultra-structural  level.    It  offers  low-cost 
processing,  by  casting  and  extrusion,  instead  of  the  sequence  of  weaving 
fibers,  stacking  of  many  thin  plys,  and  curing  at  high  temperature 
required  for  conventional  fiber-reinforced  composites. 

Other  polymeric  materials  research  includes  biopolymers,  such  as  the 
polysaccarides  for  reduced  hydrodynaraic  drag  and  non-linear  electro-optic 
polymers  for  optical  signal  processing  applications.   The  facilities 
investment  described  here  would  provide  the  polymer  processing  and 
characterization  facilities  for  several  focused  centers  of  university 
research  on  electrical,  optical,  magnetic,  and  structural  polymers. 


415 


B.2  Electronics 


In  addition  to  the  traditional  subject  areas  of  electronic  devices, 
circuits,  and  systems,  the  Electronics  research  program  of  DOD  encompasses 
elements  of  information  processing,  low  energy  laser  physics,  optics,  and 
material  growth.   For  the  purposes  of  this  study,  the  facilities  required 
for  the  growth  of  electronic  and  optical  .materials  are  reported  under 
Materials' and  the  low  energy  lasers,  optical  circuits,  end  vacuum  tube 
research -.facilities  are  reported  under  Physics.   The  information 
processing  research,  being  closely  related  to  computer  science,  is  not 
discussed,  since,  as  mentioned  in  the  Introduction,  the  National  Science 
Foundation  (NSF)  and  the  Department  of  .Energy  (DOE)  have  major  facilities 
programs  in  progress  to  provide  scientific  supercomputing  access  to 
university  researchers.   DOD,  through  the  modernization  progran  of  the 
Defense  Advanced  Research  Projects  Agency  (DARPA),  recently  made  a 
significant  upgrade  in  university  computing  facilities  for  symbolic 
computing  in- anticipation  of  the  thrust  in  strategic  computing.  The 
Office  of  Naval  Research  is  making  available  to  its  principal 
investigators  a  significant  p.,  tion  of  the  time  of  the  Naval  Research 
Laboratories'  supercomputer  at  no  cost  to  the  existing  research  contracts. 

A  strong  and  clear  consensus  has  emerged  from  this  study  indicating 
that  the  research  managers  of  the  Electronics  program  within  the  DOD  feel 
that  microcircuit  fabrication  at  dimensions  much  smaller  than  those  of  the 
Very  High  Speed  Integrated  Circuits  (VHSIC)  program  represents  the 
greatest  opportunity  end  greatest  research  facility  need  within 
Electronics.   The  feature  sizes  desired  ere  10  to  100  times  smaller  than 
the  one-micron  regime  currently  being  advanced  under  VHSIC.   It  is  in  this 
regime  that  entirely  new  modes  of  operation  of  electronic ,  optical ,  and 
magnetic  devices  occur,  due  to  the  quantun  effects  produced  by  the  limited 
nunber  of  atoms  contained  within  these  small  dimensions.   These  phenomena 
present  the  possibility  of  creating  devices  whose  performance  can  be 
greatly  superior  to  that  predicted  from  the  bulk  characteristics  of  the 
material  from  which  they  are  fabricated.   This  has  already  been  observed 
for  high  speed  field  effeot  transistors  (FETS),  when^the  device  dimensions 
are  reduced  below  one-tenth  micron.    It  has  also  been  observed  that 
dramatic  increases  in  transmission  properties  of  optical  materials  occur 
when  very  thin  layers  of  material  are  stacked  in  a  multilayer  sequence, 
offering  the  possibility^ of  improved  photodetectors  and  lasers. 

The  fabrication  of  these  novel  devices  requires  very  advanced  and 
expensive  equipment  for  jfche  deposition,  lithography,  and  selective  removal 
of  the  deposited  materials.   In  addition,  sensitive  analysis  of  the 
surfaces  and<  interfaces  between  dissimilar  materials  needs  to  be  performed 
during  the  fabrication  process.   This  is  in  contrast  to  current  commercial 
practice  (even  for  sophisticated  raicrocircuits) ,  where  the  analysis  by 
electron  microscopes  and  spectrometers  is  accomplished  after  the  circuits 
are  removed  from  the  fabrication  apparatus  and  before  they  are  inserted 
into  the  next,  apparatus  in  the  fabrication  sequence.   This  requirement  for 
in-situ  analysis  has  greatly  increased  the  minimum  cost  of  doing  research 
on  device  fabrication. 

The  facilities  in  which  this  instrumentation  is  housea  require 
extreme  control  over  air  purity,  to  avoid  dust  particle  disruption  of  the 
fabrication,  and  extreme  control  over  vibration,  to  avoid  misalignment  of 
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the  successive  patterns  employed  in  the  fabrication  sequence.  The 
reliability  of  these  as  yet  undeveloped  circuits  is  anticipated  to  be  a 
major  concern  that  is  best  addressed  early  in  their  development,  since  the 
failure  phenomena  are  anticipated  to  be  inextricably  tied  to  the 
fabrication  process  employed  at  the  microscopic  level. 

For  these'reasons,  the  first  priority  in  microcircuit  fabrication 
was  given  to  the  refurbishment  and  upgrading  of  up  to  six  university 
centers  for  microcircuit  t fabrication,  with  a  second  priority  of  augmenting 
two  university  reliability  research  centers  to  work  closely  on  this  new 
class  of- circuits. 

In  a  separate,  but  related,  research  area,  reliability  at  the 
systems  level  is  perceived  to  be  threatened  today  by  the  susceptibility  of 
advanced  solid  state  circuits  to  electromagnetic  interference  at 
relatively'mbdest  power  levels.    Research  into  hardening  weapons  systems 
against  intentional  enemy  electromagnetic  interference  or  .inadvertent 
disruption  by  radiation  from  nearby  friendly  systems  is  required.  The 
facilities  for  enabling  university  participation  in  this  research  include 
anechoic  chambers  and  electromagnetic  measurement  instrumentation  as  a 
first  priority,  and  dedicated  computational  facilities  for  modeling  as  a 
second  priority. 

B.3*  Engineering 


Engineering  encompasses  the  disciplines  usually  associated  with 
university  departments  of  mechanical  engineering,  aeronautics  and 
astronautics,  civil  engineering,  industrial  engineering,  and  materials 
engineering.   The  subject  matter  frequently  overlaps  that  of  the  other 
disciplines,  such  as  Materials  or  Chemistry,  but  is  usually  closer  to  a 
specific  end  application  or  requirement.   For  example,  composite 
structures is  a  thrust  area  that  has  the  same  ultimate  goal  as  Materials 
researcfron  structural  composites,  namely  lighter  weight  and  stronger 
structures  for  building  weapons  platforms.   The  distinction  is  the  focus 
in  Engineering  on  determining  the  performance  of  composites  through 
innovative  design  and"  analysis  of  structures  using  state-of-the-art 
materials.    Research  results  are  fed  back  to  materials  scientist s  to 
provide  guidance  to  their  endeavors.   A  base  of  knowledge  about  optimal 
design  methods  is  thereby  developed  for  application  to  many  problems. 
Proceeding  with  this  example,  non-destructive  evaluation  (NDE)  techniques 
must  be  developed  to  enable  the  engineer  to  perform  these  measurements  in 
support  of  the  analysis  of  composite  structures.   There  is  considerable 
resultant  interaction  with  the  materials,  scientists  who  also  need  NDE 
techniques  to  evaluate  their  progress  in  controlling  the  composition  of 
materials. 

Similarly,  the  area  of  Energetic  Materials  and  Combustion  involves 
considerable  interaction  with  chemists  to  improve  propellents,  explosives, 
and  fuelo.   The  facilities  in  these  two  areas  are  typically  large  and  have 
a  significant  element  of  concern  for  the  safety  of  the  personnel  perform- 
ing the  research.   The  instrumentation  is  becoming  dominated  by  lasers  and 
analytical  tools  similar  to  that  needed  in  Materials  science. 

Fluid  mechanics  and  acoustics  are  the  classical,  almost  exclusive, 
domain  of  Engineering,  with  slight  involvement  by  molecular  and  chemical 
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physics.  The  facilities  are  typified  ,bydedicaUd  wind  tunnels  and  water 
tunnels.    Instrumentation  is  dominated  by  automatic  digital  data 
acquisition  and  digital  computer  modeling  and  simulation  of  the 
phenomena.  ,  User  probes  and  acoustic  sensors, with  sophisticated  signal 
processing  are  also  mainstays  of  instrumentation  in  this  discipline. 

Hariufacturing,  design,  and  reliability>have  increasingly  been  moving 
toward  a  computer-dominated  emphasis  on  graphics,  design  aids,  expert 
systems  for  process  control,  artificial  intelligence  to  relieve  pilot 
workload  in  single  seat  helicopters,  and  self  diagnosis  and  self  repair  of 
machines  and  weapons  systems.    Classical  industrial  engineering,  computer 
science,  .and  structural  engineering  are  very  much  coming  together  in  this 
field.   The  facilities  are  replicas  of  factory  worked  la  or  simulators  of 
aircraft  cockpits  and  the  instrumentation  is  heavily  computer. networked. 
The  Defense'  Advanced  Research  Projects  Agency  (DARPA)  is  making  advanced 
teleconferencing  equipment  available  to  several  university  centers  in 
robotics  so f  they  may  test  their  algorithms  for  robot  vision  on  ^he  DARPA 
autonomous  land  vehicle  located  at  a  contractor  '.aciUty.   They  will  also 
plan  to  provide  repliceaof  s  fingered  robot  u^od  to  many  of  these 
university  research  centers.   Non-destructive  evaluation  for  manufacturing 
process  monitoring  and  control, -as  well  as  for  inspection  of  finished 
parts  and  fielded,  systems,  requires  a  comprehensive  research  program, 
which  would  best  be  accomplished  through  a  center  of  excellence  in 
non-destructive  evaluation/characterization • 

(  Soil  mechanics  is  uniquely  supportive  of  blast  hardened  silos, 
construction,  maintenance,  and  repair  of  runways,  and  priority  command, 
control,  and  .communications  centers.   The  facilities  at  universities  are 
prtws9  shock  tubes,  or  high-G  centrifuges. 

B.  H.*.  Materials 


Materials  research  includes  the  growth  of  semiconductor,  magnetic, 
and  optical  materials,  as  well  as  processing  and  fabrication  .of  structural 
materials  such  as  metal  alloys,  ceramics,  and  composites.   The. processing 
of  semiconductor  materials  into  electronic  and  optical  devices  and 
circuits  is  reported  under  Electronics,  while  the  testing  of  structural 
composite  materials  and  non-destructive  evaluation  fcr  both  manufacturing 
and  in-process  control  of  materials  is  reported  under  Engineering.  This 
traditional  division  of  research  responsibility. has  begun  to  blur  in 
recent  years,  and,multidisciplinary  research,, teams  have  been  forming  in 
recognition  of  the  strong  interaction  between. material  growth,  component 
fabrication,  and  ultimate  system  performance.   In  fact,  for  optimum 
coordination,  .the  facilities  requirements  reported  in  this  section  for 
compound/ semiconductor  growth  should  be  co-located  or  closely  adjacent  to 
the  microelectronic  fabrication  and  reliability  facilities  reported  under 
Electronics. 

The.  greatest  potential  payoff  and  also  the  greatest  investment  costs 
are  perceived  by  DOD  materials  research  managers  to  be  associated  with  two 
areas:   the  growth  of  compound  semiconductors  and  the  fabrication  of 
advanced  structural. composites.   High  priority  at  somewhat  reduced 
investment  is  given  to  facilities  for  optical  and  magnetic  materials  and 
for  research  on  structural  ceramics. 
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Compound  semiconductor  growth  has  received  only  a  small  fraction  of 
the  scientific  and  technical'  attention  that  has  been  spent  on  silicon. 
This  has  been  entirely  justified  to  date,  since  silicon  possesses 
excellent  electrical,  thermal,  and  chemical  properties,  especially  with 
Its  high  quality* native  oxides  and  silicides*   Being  an  elemental  semi- 
conductor, silicon  Is  significantly  stapler  from  a  device  processing 
standpoint  than  the  compound  semiconductors,  such  as  galllua  arsenide , 
cachiua  telluride,  'and  alloys,  e.g.  galHua  aluminum  arsenide  and  mercury 
cadmium  telluride.   The  stesdy  doubling  of  the  capability  of'sillcon 
Integrated  circuits  every  two  to  four*  years  for  the  past  twenty  years  is 
evidence  of  thc-wisdora  of  this  research  investment  strategy.    It  is  only 
recently  that  the  material  property  limitations  of  ail  icon  have  presented 
a  serious  limit  to  device  performance*    Research  attention  Is  currently 
turning  to  at  least-three  ways  to  get  around  this  limitation*  One 
approach  Is  mentioned  in  the  Electronics  section,  having  to  do  with  new 
device  physics  associated  with  u\tra  small  device  dimensions*   A  second 
approach,  for  information  processing,  is  to  use  artificial  Intelligence 'to 
mala*  "smarter"  rather  than  Just  "faster*1  computers*  The  third  approach  is 
to  turn  significant  resources  toward  the  growth  end  characterization  of 
the  compound  semiconductors*  The  facilities  Investment  that  is  detailed 
here  would  permit  four  to  seven  university  centers  to  advance  the 
technology  of  compound  semiconductors  for  signal  detection,  signal 
processing,  millimeter  waves,  and  communications,  to  name  just  a  few  DOD 
priority  applications* 

Composites  materials  have  similar  exciting  potential  for  structural 
applications,  ranging  from  high  strength,  lightweight  airframes  and  large 
space  structures  to 9 lightweight  armor  for  highly  mobile  combat  vehicles* 
These  materials  utilize  high  strength  fibers  embedded  In  polymeric, 
metal,  or  ceramic  matrices*  The  creation  of  the  fiber  itself  and  the 
Interaction  between  the  fiber  and  the  matrix  during  the  processing  largely 
determine  the  performance  and  reliability  of  the  composite. when  exposed  to 
harsh  military  environments  over  Its  service  life*  Only  recently  have 
advances  in  analytical  tools  permitted  the  microscopic  characterization  of 
these  materials,  both  physically  and  chemically*  These  tools  are  both 
elegant  and  expensive*  The  facilities  Investment  detailed  here  would 
establish,  through  new  construction  and  refurbishment,  alx  centers  of 
university  research  on  structural  composite  materials* 

Optical  materials  are  beginning  to  emerge1  In  ccamunlcatlons  and 
signal  prcc«*sing  applications*   The  advances  that"  have  been  made  In 
optical  waveguides  using  silica  glass  ex«wlify  the  success  possible 
through  materials  processing' 'research*   The  combined  stringent 
requirements  for  low  transmission  loss  and  very  high  tensile  strength  were 
achieved  through  research  linking  materials  structure,  properties,  and 
performance.^  Magnetic  materials6  in -bulk  form  are  widely  used  in  critical 
electrical  components,  such  as  electromechanical  switches  and  microwave 
phased  array  transmitters  and  receivers*   In  thin  film  form,  magnetic 
materials  are  used  for  recording  media  and  non-volatile  memory*  The 
facilities  Investment  described  here  would  establish  two  diversity 
centers  in  optical  materials  and  would  augment  one  existing  university 
center  In  magnetic  materials* 

Structural  ceramics* rescarch'of  hign  quality  is  performed  in  a 
nuaber  of  small  university  laboratories  that  are  In  need  of  refurblsnment 
and  expansion  to  apply  modern  mlcrostructtral  analysis  techniques  to 
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processing  of.  high  temperature  ceramics  for  hostile  environments.  Both 
bulk  ceramic  components,  such  as  radcmes  for  high  velocity  aircraft,  and 
ceramic  coatings  on  turbine  engine  components  would. benefit  from  this 
upgraded  research  capability. 

Finally,  it  should  be  noted  that  a  segment  of  the  materials  research 
community  is  dependent  upon  support  from  very  large  research  facilities, 
such  is  synchrotron  and  neutron  sources.   None  of  these  facilities  are 
included  in  this  report.    The  predominant  funding  for  these  national 
facilities  ccmes  from  NSF  and  DOE,  with  only  minor  support  from  DOD.  Any 
decrease  in  support  of  these  facilities  by  the  other  agencies  would 
severely  affect  the  DOD  Materials  research  program. 

B.5.  Physics 


Research  on  new  and  improved  sources  of  electromagnetic  radiation  is 
a  major  component  of  the  Physics  program  of  DOD.   The  free  electron  laser 
is  a  direct  .result  of  high,  risk  research  funded  by  pOD.  .  It  has  demonstra- 
ted an  entirely  new  mechanism  for  generating  coherent  radiation  that  is 
freed  from  the  usual  constraints  imposed, by  the  neecffbi  a  material 
medium.   This' device , has  already  demonstrated  that  very  wide  tunable 
bandwidth  is  possible;  this  has  great  implications  for  its  utility  as  a 
scientific  research  tool* in  the  analysis  of  materials,, and, as  a  frequency 
agile  radiation  source  for  potential  military  applications,  such  as 
communications  and  target  .tracking.    Recirculating  the  electron  beam  in 
storage  rings  offers  theoretically  high  efficiency  and  hence  the  potential 
of  high  power  free  electron  lasers  for  directed  energy  weapons 
application.   The  fccilities  investment  reported  in  this  section  under 
coherent  1 3d iat ion  sources  would  refurbish  and  upgrade  .  .-ee  to  four 
existing  laboratories  performing  research, on  these  novel  sources. 

More  conventional  lasers  for  a  variety  of  wavelengths  are  being 
explored  as  tools  for  research  on  ultra  small  integrated  circuits,  optical 
computing,  catalysis,  and  molecular  biology  and  for  tactical  warfare 
applications  such  as  target  designation,  optical  jamming,  and  covert 
communications.   The  first  demonstration  of  the  use  of  a  finely  focused 
laser  bean  to  deposit  micron-sized  metal  connecting  lines  on  semiconductor 
surfaces  occurred  under  COD  sponsorship  in  the  last  five  years.    It  was 
immediately  picked  up  by  the  Integrated  circuit  manufacturers  as  a  tool 
for  repairing  defects  In  expensive  Integrated  circuits,  and  In  the 
photomasks  used  to  produce  the  circuits.    Prior  to  this  breakthrough, 
lasers  had  only  been  used  to  remove  excess  material  from  circuits  by 
vaporizing  short  circuits  and  trimming  resistors  to  tolerance.  This 
research  continues  today  under  DOD  sponsorship  and  is  demonstrating  novel 
methods  of  doping  circuits  and  of  depositing  insulators  and  conductors. 

Other  laser  research  projects  are  attempting  to  leapfrog  over  the 
limitation  foreseen  in  silicon  Integrated  circuits  that  results  from  the 
f8ct  that  as  much  as  three-quarters  of  the  surface  of  these  circuits  is 
devoted  to  metal  interconnecting  lines  between  the  hundreds  of  thousands 
of  constituent  transistors.    The  propagation  delay  of  the  signals  moving 
on  these  interconnects  at  the  speed  of  light  is  becoming  more  important  in 
determining  the  circuit  speed  than  Is  the  switching  speed  of  the 
transistors.   Qptic  .  computing  chips  afford  the  prospect  of  distributing 
the  signals  by  laser  beams  to  many  portions  of  the  circuit  simultaneously, 
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thereby  avoiding  the  input-output  bottleneck  of  electrical  integrated 
circuits.   The  facilities  reported  under  optical  communications  and 
spectroscopy  in  this  section  would  establish  a  new  center  for  optical 
circuitry  and  would  upgrade  an  existing  laboratory  for  optical 
communications. 

Directed  energy  devices  require  large  facilities  for  research.  The 
high  voltages  and  currents  required  can  only  be  stored  and  switched  by 
physically  large  components  as  dictated  by  the  scaling  laws  of  electrical 
power  engineering.   To  some  extent  this  represents  a  departure  from  the 
usual  scale  of  university  research  funded  by  DOD,  since  "big  physics"  is 
usually' supported  by  NSF  or  DOE.   DOD  has  funded  university  centers  in 
pulsed  power,  but  this  has  represented  only  approximately  10  percent  of  " 
the  physics  budget.   The  facilities  described  under  directed  energy 
devices  wDuld  expand  the  existing  pulsed  power  centers  and  upgrade  other 
centers  fbr  research  on  accelerators  and  microwave  and  miUimeterwave  high 
power  sources.   Beam  propagation  and  the  interaction  of  electromagnetic 
energy  with  materials- would  also  be  studied  at  these  centers, 

Astrophysics  research  directly  produces  knowledge  of  the  background 
radiation  against  "whicVspace  objects  must-be  detected.   Secondarily,  the 
advances  in  instrumentation  (optics,  infrared,  and  x-ray)  needed  to  conduct 
this  research  improve' our  military  capability  to  detect  and  track  space 
objects  and  to  detect  nuclear  events  in  space.   The  major  facility  upgrade  in 
this  section,  and  indeed,  the  single  highest  cost  item  in  the  entire  report  is 
a  $150H  high  angular  resolution  imager  center  whose  goal  is  a  hundred-fold 
increase  in  image  sharpness  on  celestial*  objects  and  space  vehicles. 

C.  SUMMARIES* 

Laboratory  facilities  and  equipment  needs  for  thrust  areas  associated 
with  the  foregoing  disciplines  are  given  in  the  following  summaries.  The 
science  and  technology  implications  of  laboratory  enhancements,  and  Uieir 
national  security  consequences  are  also  addressed. 
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CHEMISTRY 

Thrust  Area;   Laser  Chemistry 
Laboratory  Needs 

Building  Requirements  Total  Facility 

Facilities:  (gross  ft2)  Cost  (s  thousands) 

—  priority  1  — 

New  construction  —   

Renovation/expansion  20 ,000  3 ,000 

—  Priority  2  — 

New  construction  75,000  9,000 

Renovation/expansion  150,000  13,500 

Subtotal  ^5,000 

Equipment:    Linear  accelerator  and  storage  ring  electron  sources;  upgrade 
equipment  for  free  electron  laser  facility  to  enhance  short  wave-length 
bean  power;  arrays  of  sixlasers  (dye,  argon  ion),  with  diagnostic, 
data  processing,  and  beam  direction  equipment  for  each  of  15  laser 
chemistry  centers* 

Priority  Cost  ($  thousands) 

2  30,000 
Subtotal  H'/,000 

Total  Cost:  $62,500,000 

Technical  Objectives  and  Opportunities: 

—  Priority  1  — 

An  upgraded  free  electron  laser  laboratory  would  be  established.   It  would 
be  a  high  power,  high  time  resolution  facility  essential  to  progress  in 
chemical  reaction  kinetics,  surface  physics  and  chemistry,  hot  carrier 
electron  transport  investigations,  and  high  resolution  photo  emission  studies. 

-^Priority  2  — 

Fifteen  laser  chemistry  centers  would  be  established.   This  nunber 
represents  a  best  estimate  of  university  community  requirements  to  ensure 
that  DOD-sponsored  research  in  the  field  is  conducted  in  an  efficient,  cost- 
effective  manner.   Centralized  laser  resources  would  facilitate  the  sharing 
of  expensive  instrumentation  end  permit  a  reduction  of  maintenance  costs 
through  the  pooling  of  technicians  and"  shop  facilities.   The  centers 
would  include  picosecond  lasers  which,  especially  in  the  ultraviolet 
region,  offer  a  new  tool  for  studying  the  dynamics  of  chemical  reactions. 

National  Security  Consequences:   Fundamental  knowledge  of  chemical  reac- 
tions is  crucial  to  much  of  military  technology,  e.g.,  to  the  improvement  of 
propellants,  explosives,  fuels,  lubricants,  and  high  energj-  lasers. 
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CHEHISTRY 

Thrust  Area:    Polymeric  Materials 
Laboratory  Keeds 

Building  Requirements  Total  Facility 

Facilities:  fgross  Ttd)  Cost  ($  thousands) 

—  Priority  1  — 


New  construction 

Renovation/expansion  15 ,000  2 ,000 

—  Priority  2  — 

New  construction  170,000-  20,500 

Renovation/expansion  17,000  1,700 

subtotals        zzjm  '<>u;m 

Equipment:  ,  Polymer  molding;  film  casting;  film  and  fibers  drawing/ 
orxcutauion  equipment;  integrated  scanning  transmission  electron 
microscopes  and  x-ray  detector  systems;  SQUID  magnetometers;  picosecond 
spectroscopy  systems;  Fourier  transform  nuclear  magnetic  resonance  units; 
electrophoresis  equipment;  data  processing  and  analysis  instrumentation; 
dedicated  computer  resources. 

Priority  Cost  ($  thousands) 

1  7,000 

2  3,350 
Subtotal  10,350 

Total  Cost:     $34 ,550,000 

Technical  Objectives  and  Opportunities: 

—  Priority  1  — 

Laboratory  upgrades  would  provide  significant  capabilities  for  new  polymer 
research  at  the  molecular  level,  heteroatom  polymer  synthesis  and  character- 
ization, characterization  of  polymers  for  electronics,  etc.   Focused  centers 
would  be  established  for  the  development  of  a)  a  new  generation  of  polymers  for 
electronics,  optical,  and  magnetic  applications,  andb)  composite  materials 
with  unprecedented  toughness  and  high  temperature  capabilities, 

~  Priority  2  —  * 
The  proposed  expenditures  would  greatly  enhance  research  in  the  areas  of 
composite  materials,  ordered  structural  polymers,  and  polymer  thin  films  for 
electronics  applications.    TM3  in  turn  would. lead  to  the  development  of 
improved  dielectrics,  capacitors,  and  electrbactive  polymers  fior  uses  such  as 
piezoelectric  sensors. 

National  Security  Consequences:   Polymer  materials  are  essential  elements  of 
virtually  ail  strategic  and  tactical  weapons  systems.   High  temperature  metal 
matrix  and  cer>mic  matrix  composites  for  applications  such  as  radiation- 
hardened  structures  and  gas  turbine  blades  require  high  temperature  fibers. 
Other, applications  include  cheap,  expendable  acoustic  detectors  for  sonic 
buoys,  and  a  variety  of  electronic  microdevices.   Improvements  in  polymeric 
materials  would  enhance  the  performance,  reliability,  and  maintainability  of  a 
wide  array  of  weapons  systems  and  logistics  equipment. 
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ELECTRONICS 

Thrust  Area:   Microelectronic  Fabrication  and  Reliability  for 
Uflique  DOD-Critical  Devices/Materials 


Laboratory  Heeds 

Facilities:  (gross  ft*)  Cost  ($  thousands) 


Building  Requirements  Total  Facility 

(gross  ft*) 


—  Priority  1  — 

Hew  construction  60,000  30,000 

Renovation/expansion  60,000  15,000 

—  Priority  2  — 

Hew  construction  —   

Renovation/expansion  20,000  4,000 

Subtotal:  140,000  49,000 

Equipment:    Vacuus  and  plaana  deposition;  electron  bean  and  x-ray 
lithography;  plasma  etching;  wet  chemical  etching;  impurity  analysis 
with  electron  and  ion  beans;  computational  support  for  device  modelling 
and  process  simulation;  environment  simulators  for  temperature, 
himidity,  vibration,  and  synchrotron  light  source  for  surface  diagnostics. 

Priority  Cost  (*  thousands) 

1  30,000 

2  6,000 
Subtotal:  36,000 

Total  Cost:  $P5,000,000 

Technical  Objectives  and  Opportunities: 

—  Priority  1  — 

Provide  vibration-free  facilities  for  extremely  small  feature-size  (one 
hundred  angstrom)  micro-circuit  fabrication  of  devices  utilizing  technology 
beyond  VHSIC.    Electron-bean  and  x-ray  lithographic  equipment  and  plaana  and 
laser  enhanced  photo  deposition  apparatus  are  required.   Electron  and  ion- 
bean  imaging  systems  for  measurement  analysis  of  ultra  small  structures  are 
necessary. 

—  Priority  2  — 

Establishresearch  capabilityin  reliability  of  micro-circuit  devices, 
especially  with  respect  to  temperature,  hunidity,  and  radiation  hardness 
of  ultra  small  devices.    Expand  synchrotron  analysis  capability  for  analysis 
of  electrical  contacts  and  other  natural  interfaces. 

national  Security  Consequences:  Integrated  circiiit  fabrication  is 
pressing  the  limits  of  our  knowledge  of  chemistry  and  physics,  particularly 
of  interfaces  between  materials,  and  the  utilization  of  unique  materials  for 
WD  devices..  Research  to  provide  the  k.  owledge  required  for  further 
advances  in  integrated  circuits  can  only  come  if  researchers  in  university 
laboratories  have  access  to  state-of-the-art  fabrication  equipment  and 
processes.    Reliability  of  military  systems  using  integrated  circuits 
depends  to  a  large  extent  on  the  processes  used  to  fabricate  circuits  and 
their  stability  over  time. 
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aECTRONICS 

Thrust  Area:   System,  Robustness  and  Survivability 
laboratory  Needs 

Building  Acquirements  Total  Facility 

Facilities:    ,  (gross  ft2)  Cost  $  thousands) 

—  Priority  1  — 

Mew  construction     

Renovation/expansion  10,000  4  000 

—  Priority  2  —  ' 
New  construction     

Renovation/expansion  5tQ0Q  2  000 

Subtotal:  f^TO 

Equipment:    Electromagnetic  generators;  anechaic  chambers; 
microwave  measurement  equipment;,. propagation  ranges;  computation 
facilities  for  modelling  and  diagnostics. 

Priority    .  Cost  (t  thousands) 

1  

2  2tO00 
Subtotal: 

Total  Cost:  $11,000,000 

Technical  Objectives  and  Opportunities: 

—  Priority  1  — 

Expand  existing  feciKcies  for  the  measurement  of  electromagnetic 
propagation,  roeasureoent,  and  system  network  investigations. 

—  Priority  2  — 

Provide  computational  facilities  to  enhance- modeling  of  electromagnetic 
interference  phenomena. 

National  Security  Consequences:  Sophisticated  weapon  systems  are 
potentially  vmneraoie  to  electro-magnetic  interference,  either  consciously 
induced  by  enemy  forces  or  unintentionally  introduced  through  radiation 
from  friendly  force  equipment.  Subtle  interactions  between  electronic 
systems  operating  on  the  same  platform  can  degrade  performance  or  completely 
deny  weapoi  systems  availability.   Fundamental .scientific  understanding  of 
means  for  minimizing  these  effects  is  required  to  supplement  tne  current 
engineering  fixes  betag  pursued. 
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ENGINEERING 

Thrust"  Area;  Combustion 

-  Laboratory  Needs 

Facilities;  aiilding  Requirements  Total  Facility 

(gross  ft2)'  Cost  ($  thousands) 

—  Priority  1  — 

New  construction  57,500  9t250 

Renovation/expansion  95,000  8,f00 

—  Priority  2  — 

New  construction  —   

Renovation/expansion  9,300  1,250 

Subtotal  161,800  19,100 

Equipment;   Variable  high-pressure  flow  reactors;  optical  diagnostic 
instrumentation ;- chemica^  analysis  instrumentation;  vector  processors  for 
the  simulation  of  turbulent  mul'tiphase  .processes;  .dedicated  computer 
diagnostic  and'analysis  capabilities. 

Priority  Cost  ($  thousands) 

1  ,   T^TO  

2  11,750 
Subtotal                            2b, 750 

Total  Cost:  $15,850,000 

Tecnnical  Objectives  and  Opportunities; 

—  Priority  1  — 

Conduct  research  on  improving  the  energy  efficiency  of  turbine  and  internal 
combustion  engines,  investigate  the  viability  of  alternate  fuels  (e.g., 
methanol),  develop  insights  into  high-pressure,. high-temperature. combustion 
chemistry  of  present  and  future  propulsion  fuels,  study  multiphase 
turbulent  reacting  fuels,  and  observe  high  altitude  and  high  raach  number 
combust ion  processes. 

*  *     :\     ~  Priority  2  — 
Develop  unique  facility  for  studying  combustion  and  plasma  phenomena  of 
propulsion  systems;  anticipated  benefits  include  .increased  understanding  of 
ramjet  and  rocket  motor  instabilities,  fire  propagation  phenomena  ignition 
and  flame  propagation  mechanisms,  and  plasma/gas  dynamic  interactions. 
Upgrade  facility  for  quantitative  now  field. imaging  to  advance 
understanding  of  phenomena  underlying  energy  conversion,  aerodynamics,  and 
propulsion  processes." 

^ational^Security  Consequences:   Improve  the  range,  performance,  and  relia- 
Oility  or  aircraft,  missile,  ship,  and  land  vehicle  propulsion  systems;  enhance 
payloads,  lower  operating  costs,  reduce  corrosion  and  detectable  exhaust 
signatures,  increase  fuel  performance,  and  reduce  engine  development  time. 
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ENGINEERING 

Thrust  Area;     Composite  Structures 
Laboratory  Hecu3 

Building  Requirements  Total  Facility 

Facilities;  (gross  ft2)  Cost  (%  thousands) 

—  Priority.  1  — 

Hew  construction  "   t  _ 

Renovation/expansion  5,000  1 , 180 

—  Priority  2  — 

H/A 

Subtotals  '  TTTSff 

Equipment:   Mechanical  testing  devices  capable  of  multiaxial  and  variable 
loading  rates  in  high  temperature,  environments;  real-time  non-destructive 
ultrasonic,  acoustic  emission  and  x-rayr  radiography  testing  equipment; 
high  temperature  test  equipment  with  associated  data  processing  and 
dedicated  computational  capability. 

Priority  Cost  ($  thousands) 

1  .  

2   

Subtotal  3^?n 
Total  Cost:  $4,600,000 

Technical  Objectives  and  Opportunities;, 

m,  —  Priority  1  — 

Composite  'materials  have  hot  teen  exploited'  to  the  degree  possible,  due  to 
a  lack  of  detailed  understanding  of  their  response  to  complex  loading 
conditions,  high  strain  rates,  and  hostile  environments.   The  proposed 
facility  would  likely  engender  major  advances  in  the  understanding  of  the 
thermomechanical  behavior  and  failure  characteristics  of  composite 
materials,  with  emphasis  on^high  temperature  conditions. 

—•Priority  2  — 
M/A 

*  *  *  *  * 

National  'Security  Consequences;   Military  applications  of  composite 
materials  include  engine  hot  sections,  nozzles,  missile  nose  cones, 
aircraft  surfaces,  lightweight  high-strength  materials,  etc.  Improved 
materials  are  key  to  enhancing  the  performance  and  maintainability  of 
weapons  system  and  logistics  equipment. 
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ENGINEERING 

Thrmt  Area:      Energetic  Materials 
Laboratory  Heeds 

Building  Requirements  Total  Facility 

Facilities:  (gross  ft?)  Cost  ($  thousands) 

—  Priority  1  — 


New  construction 

•Renovation/expansion  —  1 ,000 

—  Priority  2  — 
N/A 

^      Subtotals  "TT  TTfifflJ 

Ejqulpaent:  Mechanical  and  x-ray  diagnostic  devices;  time-resolved 
optical  spectrometer;  electromagnetics  effects  sensor;  gas  guns;  sample 
preparation  equipment;  specialized  machine-shops. 

Priority  Cost  (*  thousands) 

«  2  '  " 

Subtotal  ,  7i000 

Total  Cost:     58,000,000s  *    "    /  , 

Technical  Objectives  and  Opportunities: 

~  Priority  1  — 

A  primary  objective  is  the  development  of  a  broad  class  of  high  performance 
propellents.   A  second  priority  objective  is  research  on  energetic 
materials  (explosives,  propellents,  etc.)  which  remain  inert  under  shock 
conditions.   This  involves  theoretical  and  experimental  investigations  of 
atomic  and  molecular  processes  in  shocked  condensed  wave  materials. 
Experimental  research  would  provide  tlmerresolved  optical,  x-ray, 
electrical,  and  mechanical  diagnostics 'on  materials  stimulated  by 
mechanical  Impactors  or  lasers.  . 

1  -  \    -    *         Priority1  2  — 
'  N/A 


National  Security  Consequences:   Inadvertent  ignition  of  explosives  and 
propellants  under  mechanical  shock  and  thermal  stress  is  a  significant 
operational /hazard/  particularly  under  combat  conditions.   The  development 
of  energetic  materials  which  a)  are  relatively  inert  to  those  stresses,  and 
b)  function  optimally  on  command,  would  mitigate  this  problem. 
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ENGINEERING 

Thrust  Area;  Fluid  Mechanics  and  Acoustics 
Laboratory  Heeds 


Building* Requirements  Total  Facility 

(gross  ft?) 


Facilities:  (gross  ft*)  Cost  ($  thousands) 

—  Priority  1  — 

New  construction  —  — 

Renovation/expansion  7,000  650 

--  Priority  2  — 

New  construction  —  — 

Renovation/expansion  ™  *  350 

Subtotals  7,UUU  1  ,T7O0 

Equipment!  .State-of-the-art  instrumentation  for  physical  acoustics 
research  including  highly  stabilized  lasers,  cryogenic  equipment,  and 
digital  processing  gear  for  automating  signal  detection  and. data 
processingrinstrumentation  and  support  equipment- for  wind  and  water 
tunnel  facilities  for  the  upgrading  of  data  acquistion  and  reduction 
capabilities.   For  water  tunnels,  traverse  mechanisms, .non-linear  wave 
generators,  current  generators,  and  related  measuring  "instruments  are 
needed.   Wind  tunnel  requirements  include  a  multi-axis,  three-dimensional 
laser  doppler  anemometer,  and  equipment  for  generating  oscillatory  flows. 

Priority  Cost  ($  thousands) 

1  *  3,600 

2  3,350 
Subtotal  6,9b0 

Total  Cost:  $7,950,000 

Technical  Objectives  and  Opportunities: 

'  \    *  "  —  Priority  1  — : 

—  Wind  tunnels  facilities  -  provide  a  national  resource  for  studying 
turbulent  and  unsteady  flows  in  Reynolds  nunber  regimes  typical  of  subsonic 
r.'ght,  and  a  second  facility  devoted  to  the  study  of  the  physics  of 
sejvaratod  flows  amLtrsnsitioning  bo^ary  layers*    This  research  could 
lead  to  the. development  of  revolutionory  concepts  of,  and  predict!  'xj 
methods  for,  flow  management  and  control  in  ite  night  vehicle  *  .  .ronsent. 

—  Water  tunnel,  p  .iiity  -  upgrade 'an  crusting,  facility  t^o -greatly  reduce 
flow,  noise  inherent  in  present  tunnel  configurations.   Tfcis  icjrovement 
would  facilitate  .  search  on  reducing,  flew  noise  due  to  turtulent  boundary 
layer  flow  around "ship" hulls.  ' 

—  Priority  2  — 

—  Wi.Kl  tunnel  facilities  -  modifications  at  two  sites  to  facilitate  a) 
research  on  the  prediction  of  the  transition  from  laninar  to  turbulent  flow 
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and  its  impact  on  vehicle  drag,  and  b)  low  turbulence  flow  phenomena  with 
emphasis  on  associated  viscous  effects,  leading  to  improvements  in  aircraft 
design  and  control  technology. 

~  Studies  of  nonlinear  surface  wave  mechanics  to  enhance  understanding  of 
wave/wave/current  interactions,  ocean  wave/ship  wake  interaction  processes, 
and  associated  underwater  acoustics,  leading  to  improvements  in  ship 
designs,  vake  signature  reduction,  etc* 

—  Integrated  physical  acoustics  laboratory  to  facilitate  research  in  sound 
propagation  and  attenuation,  molecular  and  chemical  physics,  and  underwater 
acoustics. 


National  Security  Consequences:   The  proposed  facilities  enhancements 
would  support  research  critical  to  improved  aircraft  performance,  range, 
payload,  and  fuel  efficiency.   Defense  applications  of  water  tunnel 
upgrades  include  improved  range  and  performance  of  ships  (surface  and 
submersible) ,  reduction  of  noise  signatures  of  submarines,  and  enhanced 
performance  of  acoustic  sensors  through  the  reduction  of  host-sensor 
interference. 
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ENGINEERING 

Thrust  Area:  Manufacturing,  Design,  and  Reliability 
laboratory  Needs 


Building  Requirements 
Facilities:                     (gross  ft2) 

Total  Facility 
Cost  (*  thousands) 

New  construction 

—  Priority  1  — 
77,000 

9,250 

Renovation/expansion 

55.000 

6,250 

New  construction 

—  Priority  a  — 
10,000 

1,200 

Renovat  ion/expaansion 
Subtotals 

20,000 
162,000 

4,500 
21,200 

Equipment:   Hardware  and  software  for  design  of  component  inspectabillty 
and  manufacturing  process  control  functions;  integration  of  advanced  non- 
destructive testing  capabilities  with  computer-aided  mechanical  design 
methods;  modernization  of  dynamic  track  facility  including  electronic 
sensors  and  displays,  simulators,  and  noise  and  vibration  sensors;  hunan 
factors  diagnostic  equipment;  avionics  gear;  combustion  diagnostic 
equipment. 

Priority  Cost  (s  thousands) 

1   TCTTOS  

2  3,000 
Subtotal  "71,000 

Total  Cost:  $31,200,000 


'  Technical  Objectives  and  Opportunities: 

—  Priority  1  — 

Advances  in  manufacturing  methods  having  DOD-wide  implications  for  reducing 
weapons  system  life-cycle  cost,  and  for  enhancing  systems  reliability, 
would  be  pursued.   Ancillary  objectives  include  reduced  lead  times  and 
product  developoent  costs,  improved  productivity  and  quality  control,  and 
reduced  inventory  costs.   A  new,  unique  interdisciplinary  manufacturing 
technology  facility  emphasizing  optimal  materials  utilization  and  product 
reliability  would  be  established.   Emphasis  would  be  placed  on  applications 
of  artificial  intelligence  concepts  to  the  manufacturing  cycle.   A  second 
laboratory  would  be  developed  for  studying  the  application  of  computers  to 
*ne  design,  manufacture,  and  control  of  complex  systems,  and  for  the 
development  of  advanced  composite  materials. 

Integrated,  coordinated  research  into  all  aspects  of  rotorcraft  design, 
manufacturing,  and  performance  at  two  laboratories  .s  a  second  objective  of 
the  proposed  expenditures.   Areas  of  concentration  include  computer-aided 
design  and  manufacturing  of  rotorcraft  components,  tue  study  of  himan 
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factor*  problems  associated  with  the  workload  of  single  pilots  in  a  high 
performance  rotorcraft,  stability  and  control  research,  and  combustion 
studies  aimed  at  enhancing  engine  performance, 

—  Priority  2  — 

Factory  of  the  future  concepts  would  be  explored  combining  manufacturing 
physics  and  artifical  intelligence,  with  emphasis  on  the  development  of 
unmanned,  self-diagnostic,  and  self-repairing  machines  and  robots. 

Upgrades  of  two  more  rotorcraft  laboratories  addressing  the  technical 
issues  outlined  for  Priority  1  would  be  made  possible,  with  emphasis  on 
rotorcraft  dynamics  and  avionics,  respectively. 


National  Security  Consequences;   Procurement  and  maintenance  cost- 
containracnt  are  Key  considerations  in  the  DOD  budget.   The  proposed 
facilities  would  support  research  directed  toward  these  goals.  Improved 
quality  control  would  enhance  product  reliability.   Army  mobilityrests  to 
a  great  extent  on  rotorcraft  (helicopter)  performance  capabilities, 
including  speed,  lift  capacity,  payload,  and  crash-worthiness.  The 
proposed  facility  expenditures  would  address  al*  of  these  factors  in  a 
much  more  comprehensive  manner  than  is  now  feai. 
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ENGINEERING 


Thrust  Area:   Soil  Mechanics 
Laboratory  Needs 
Facilities; 


Building  Requirements 
(gross  ft*) 

—  Priority  1  — 
N/A 


New  construction 
Renovation/expansion 
Subtotal 


Priority  2 
6,000 


6,000 


Total  Facility 
>st  ($  thousands) 


1,600 
1,600 


Equipment^  Four  hundred  C-ton  centrifuge  with  support  apparatus. 

Priority 
\ 
2 

Subtotal 
Total  Cost:  $1,800,000 


Cost  ($  thousands) 

200 
700 


Technical  Objectives  and  Opportunities: 

—  Priority  1  — 

N/A 

—  Priority  2  — 

The  centrifuge  would  permit  the  study  of  soil  and  structure  phenomena  in 
realistic  stress  regimes  not  possible  with  present  facilities.  The 
laboratory  would  be  developed  to  study  both  static  and  dynamic  loadings. 

National  Security  Co-s  gucrccs:     Research  would  be  applicable  to  the 
development  of  Imprcvedstructures  for  missile  silos  and  hardened  tactical 
facilities. 


438 


433 


MATERIALS 


Ttirost  Area;   Optical  and  Magnetic  Materials 


Laboratory  Needs 


Facilities: 


Building  Requirements 
(gross  ft2) 


Total  Facility 
Cost  ($  thousands) 


New  construction 


--  Priority  1  — 
10,000 


3,000 


Renovation/expansion 


15,000 


2,000 


Priority  2 


Hew  construction 


Renovation/expansion 
Subtotal: 


10,000 


2,000 


Equipment?   Preparation  and  handling  facilities;  high  vacuus 
furnaces;  computer-controlled  annealing  ovens;  fiber  extrusion  and 
cladding  apparatus;  grinding  and  polishing  equipment;  electron  bean 
microscopes;  laser  diagnostic  facilities;  secondary  ion  mass 
spectrometers;  electron  spectrometers;  Raman  surface  spectrometers; 
high  field  magnets;  casting/grinding/magnetic  aligning/sintering 
equipment  operating  in  "oxygen-free"  atmospheres. 


Total  Cost;  $10,300,000 

Technical  Objectives  and  Opportunities; 

"  !        —  Priority  1  -- 

Establish  two  university  centers  of  excellence  in  optical  materials  for  both 
fiber-optic  applications  and  integrated  optics  circuits  for  signal 
processing.   Facilities  should  include  material  growth,  device  fabrication, 
and  evaluation  capabilities.   The  centers  would  generate  benefits  in  such 
D0D  high  pay-off  areas  as  durable. low  loss, fibers,  laser  sources  in  the  ultra- 
violet and  visible  wavelength  ranges,  detectoriin^the  8-11  micron  region, 
v*porj>raesMng/depositioj^  optical  materials,  etc. 


Expand  existita  capability  in  magnetic  materials  for  improvements  in  field 
strength  and  in  temperature  operating  ranse  of  rare  earth  magnet  materials. 
Research  emphasis  would  be  on  materials  characterization  and  structure 
definition  using  Hossbauc,  x-ray  diffraction,'  scanning  transmission  electron 
microscope,  and  neutron  diffraction  methods. 

National  Security  Consequences;  Optical  materials  are  assuming  greater 
significance  to  defense  systems  for  surveillance,  laser  designation,  and  high 
energy  laser  weaponry.   In  addition,  optical  signal  processing  may  provide  an 
alternate  to  conventional  integrated  circuits  for  information  processing. 
Magnetic  materials  are  currently  used  in  microwave  transmitting  devices, 
switching  devices,  and  in  non-volatile  memory  systems  for  crucial  military 
information  processing  and  carounciation  systems. 


Priority 


Cost  (S  thousands) 



2 

Subtotal: 
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MATERIALS 

Thrust  Area:    Silicon  and  Compound  Semiconductor  Growth 
Laboratory  Needs 

:  Gliding  Requirements  Total  Facility 

Facilities:  (gross  ft*)  Cost  (S  thousands) 

—  Priority  \  —  " 
New  construction                20,000  15,000 

Renovation/expansion  H0,000  8,000 

—  Priority  2  — 

New  construction  —   

Renovation/expansion  HO, 000  10,000 

Subtotal:  100,000  33,066 

Equipment:  Molecular  beau  epitaxy;  metal  organic  chemical  vapor  deposition 
electron  beam  diagnostics;  laser  probe  diagnostics;  mass  spectrometry. 

Priority  Cost  ($  thousands) 

1  30,000 

2  10,000 
Subtotal:  '46,666 

Total  Cost:  $7*,'000,000 

Technical  Objectives  and  Opportunities: 

~  Priority  1  — 

Crystal  growth  facilities  for  \ow  defect  silicon  and  for  device  quality 
gallium  arsenide  and  gallium  aluminum  arsenide  are  .  jquired.  Instrumentation 
in  this  area  combines  growth  with  evaluation  of  materials  within  the  same 
deposition  chambers.   By  contrast,  in  commercial  practice  crystal  growth  of 
bulk  ingots  is  performed  in  an. activity  separate  from  the  evaluation  of  the 
grown  material .   These  facilities  are  extremely  expensive  and  are  in  the 
laboratory  apparatus^  phase' currently,  with  few  commerical  instrunents  being 
available. 

"v  Priority  2  ~ 

Crystal  growth  facilities 'for  advanced  compound  semi-conductors  such  as 
mercury  cactaion  tel lurid e  are  required  for  the  improvement  of  optical  as  well 
as  electronic  devices.    Relatively, little  research  has  been  done  on  the 
application  of  modern  growth  techniques  to  these  compounds,  largely  because  of 
the  attention  focused  on  silicon  and  gallium  arsenide. 

National  Security  Consequences:  Integrated  circuits  are  at  the  heart  of 
most  modern  military  systems;  from  command  and  control  to  smart  weapons.  The 
VHSIC  program  has  made  a  major  advance  in  the  capability  of  these  devices,  by 
reducing  the  feature  size  down  to  the  one  micron  regime.    Future  advances  in 
this  circuitry  will  require  greater  fundamental  understanding  of  the 
functioning  of  conventional  integrated  circuits.   For  feature  sizes  even 
smaller 'than  this,  quantum  effects  will  introduce  wholly  new  device  phenomena, 
presenting  major  opportunities  for  advancement  in  information  processing 
capabilty;   Examples  of  technology  applications  include  infra-red  focal  plane 
srray  detectors,  integrated  optics,  millimeter  and  microwave  integrated 
circuits,  and  optoelectronics. 
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MATERIALS 
Throat  Area;   Structural  Ceramics 
Laboratory  Needs 

BuUding;Requicements  Total  Facility 

Facilities;  (gross  ft2)  ;  Cost  (s  thousands) 

—  priority  1  — 

New  construction  .20,000  ?,000 

Renovation/expansion  5,00Q,;    ,  ,  1,000-, 

—  Priority,  2  — 

New  construction  *  30;000     %  5,000 

Renovation/.expansion  10,000     ,  ?  2t000 

J^x\  Subtotal;  65,000-  *i  1,000 

Equipment;   Bair  milling  and  mixing  .equipnent;  hot  isostatic 
.  presses;;  vacuua^and/con trolled  afcaosphere  furnaces;,  fume  hoods; 
surface*  analysis  eq'ui pnen t ;  scanning  electrpn  mic roicopes ; 
«ecp^r^ioiT/mis  .ij^trvae^ers;.  x-ray  di'f fSactometers;"' 
'cc^utational  facilitieS^brdata  acquisition  and.  process 
modelling.''  "~v 

Priority  Cost  ($  thousands) 

1  -      "  $,fl66  * 

2  5,400 
Subtotal;  15,200 

Total  Cost;   $26 , 200 , 000 

Technical  Objectives- and  Opportunities; 

rTvT         ;  Priority*  1--^ 

Three  university  laboratories^  currently  involved  in  ceramics  research  would  be 
uogracled.  The.  primary,  benefits  include  enhanced  understanding,  of  ^hef  funda- 
mental relationships  b'etween^Ca)  ceramics  constituents  .and  processing 
techniques,  sricTCb)  rijate(:ia^fc^^tietf/vr^roaiiicibility/ai^  reliability. 
Elucidation  of  these  gover^ing^factors.slWd  greatly  reduce -  the  time  required 
to1  develop  improved  ceramic  materials  and  composites ^  .Principal  research 
benefits  envisioned  include  development  of  nondestructive  evaluation  tech- 
niques, methods  for  the  deposition  of  ceramic  coatings  using  plasma  techniques, 
and  development  of  materials ^wfiich  will  tolerate  .severe  thermal  ^hock  and 
sustained  high  temperature £\  and  which  have  ^uniform,  reproducible 
micro structures. 

—  Priority  2  — 
Three-additional  laboratory  facilities,  would  be  expanded  in  the 
con&xt  of  the  above  rationale.  "/ 

'  National*  Security  Consequences;    In  hostile  ^environments,  metal 
surfaces  oxidize,  ^corrode  because  of  stress,  fail  because  of  fatigue, 
exhibit  effects  from  laser  radiation  and  interfacial  phenomena,  and 
are  subjected  U  friction  and'wear.  Ceramic  materials  are  used  in 
extremely1 hostile  environments' in  turbine  engines; .  rocket  nozzles, 
and  electromagnetic  windows  of  high  velocity  aircraft  and  missiles. 
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MATERIALS 

Thrust  Area;   Structural  Composites 

Laboratory  Needs 

'     *  Gliding  Requirements  Total  Facility 

Facilities;.  (gross  ft*)  Cost  ($  thousands) 

Priority  i  —I 

New  construction  50,000  15,000 

Renovation/expansion  60,0()0  8,000 

~  Priority  2  — 
New  construction     

Renovation/expansion  80,000  10  000 

''.Subtotal:  lW&%  *  jffift 

Equipment:*  'Vapor  deposition  epitaxy  reactors;  filament  winders; 
squeeze  casting  presses;  injection  molding  presses;  textile  forming  looms 
thermo forming  presses;  sei;vo-h'ydraulic  forming  equipment;  powder 
processing  and-Tiber growth  equipment;  special  equipment  for  cerates 
processing;  high  temperature/high  pressVe  autoclaves;, process  control 
computers;  diagnostic  and  modeling  computers  and  graphics* 

Priority  Cost  (i  thousands) 

1  20,000 

2  20,000 
Subtotal:  ii5,666 

Total  Cost:  $73,000,000 

Technical  Objectives  and  Opportunities:      ~  ~ 

*'  *    ~  Priority  i  — 

Establish -four  major  university  centers  of*  excellence  in  trte  fabrication  of 
fiber  and  matrix 'materials,  emphasizing  polymer  matrix  and  ceramic  matrix 
materials.  ^Capabilities 'should  include  fabrication  and  layiip  of  small 
samples  and  diagnostic  materials  for  the  analysis  of  thermophysical  and 
thermomechanical  properties.  5 

'      ~  Priority  2  — 
Supplement  the  above  with  three  to  four  additional  'Diversity  centers 
with  sir  ilar  missions.  '  ' 


National  Security  Consequences:  Lightweight  and  high  strength  composite 
natenais  are  increasingly  being  used  in  aircraft  and  spacecraft.  These 
materials  combine  the  high,strength  of  ceramic  fibers  with  the  ductility  of 
polymeric  or  metallic  matrices.   Significant  performance  advantages  have 
already  been  obtained  through  the  use  of  composite  materials,  including 
ceramic  matrix  composites,  and  further  performance  advantages  are  foreseen, 
particularly  with  regard  to  high  temperature  capability,  laser  hardness, 
armor,  and/low  observables. 


Hz 


PHYSICS 

Thrust  Area:  Astrophysics 
Laboratory  Needs 


Building  Requirements  Total  Facility 

Facilities:  (gross  ft2)  Cost  ($  thousands) 

—  Priority  1  — 

N/A 

—  Priority  2  — 

New  construction  68,000  11,550 

Renovation/expansion  35,000  5,100 

Subtotal:  103,000  1o7o3u" 

Equipment:    Radio,  optical,  and  x-ray  astronomy  equipnent;  upgrade  of 
100  inch  aperture  telescope  for  active  optics  and  interferoraetric  imaging; 
high  angular  resolution  Imager  with  one  milliarcsecond  resolution  and 
optical  elements  of  7  1/2  meters;  i|-taeter  telescope  for  ©otical/infrared 
imaging  and  spectroscopy. 

Priority  Cost  ($  thousands) 

1   m  

2  152,065* 
Subtotal:  152,065 

Total  Cost:  $168,715,000 
*  includes  $150,000,000  for  higi)  angular  resolution  imager. 

Technical  Objectives  and  Opportunities: 

—  Priority  1  — 

H/A 

—  Priority  2  -- 

-  Expand  laboratory  capabilities  in  radio,  optical,  and  x-ray  astronomy  to 
study  final  stages  of  evolution  of  stars,  formation  of  neutron  stars  and 
black  holes,  the  occurrence  of  supernova,  and  to  elucidate  recently 
observed  non-thermal  radio  sources. 

-  Extend  existing  capabilities  in  active  optics,  speckle  imaging  techniques, 
and  advanced  detector  programs  to  existing  telescope  to  produce 
diffraction-limited  imaging  of  astrophysical  sources. 

-  Establish  high  angular  resolution  imager  center  which  exploits  advances  in 
optics,  sensors,  and  computer  technology  to  afford  a  hundred-fold  increase 
in  image  sharpness  on  celestial  objects  (quasar  nuclei,  stellar,  and  solar 
system  object  surface  features)  and  space  vehicles. 

-  Develop  new  optical  and  infrared  telescope/instrumentation  for 
astrophysics  applications  embodying  improved  precision  pointing  and 
tracking,  image  quality  optimization,  advances  in  optical  and  infrared 
technology,  high  speed  two-dimensional  photon  detectors,  etc. 
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National  Security  Consequences:   Advances  in  astrophysics-related 
imaging  techniques  have  important  applications  for  the  detection  and 
identification  of  space  and  non-space  objects  of  military  significance.  In 
particular,  the  technological  development  of  ac.ive  optics  in  combination 
with  speckle  imaging  will  make  possible  diffraction  limited  observations  of 
objects  through  the  atmosphere.   The  enhancement  of  x-ray  instrumentation 
capabilities-has  application  to  the  detection  of  nuclear  events  in  space. 
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PHYSICS 

fhrust  Area;   Coherent  Radiation  Sources 
Laboratory  Heeds 
Facilities: 


New  construction 

Renovation/expansion 

New  construction 

Renovation/expansion 
Subtotal: 

Equipment:   Tunable  two-beam  two-stage  free  electron  lasers; 
millimeter  range  free  electron  laser;  mode-locked  laser  and  support 
equipment;  spectrographs  for  optical  emission  spectroscopy; 
electronic  processing  equipment  (lithographic,  deposition, 
etching);  auxiliary  interface  and  support  equipment. 

Priority  Cost  ($  thousands) 

1   r^m — : — 

2  6,250 
Subtotal:  7,750 

Total  Cost:  $14,250,000 

Technical  Objectives  and  Opportinities: 

—  Priority  1  — 

Laser  facilities  are  key  assets  for  a  variety  of  materials  and  directed 
energy  related  research.  The  cited  expenditures  would  substantially 
enhance  the  capability  of  universities  to  explore  and- expand  technology 
horizons  in  electronic  materials,  catalysis,  corrosion,  and  molecular 
biology,  among  others.   Emphasis  is.  n  more  broadly  tunable  lasers,  which 
generate  coherent  radiation  over  a  w«xle  range  of  energies.   This  greatly 
enhances  the  flexibility  available  to  researchers  for  analyzing  material 
properties,  particular  aur faces,  and  interfaces  of  importance  to  solid 
stste  electronics  and  optoelectronics. 

—  Priority  2  «— 

Laser-guided  plasma  and  electron  beam  facility  upgrades  will  allow  the 
university  community  to  explore  more  efficiently  and  comprehensively 
heretofore  unknown  aspects  of  directed  energy  propagation  concepts. 

Kational  Security  Conseruences:   Coherent  radiation  research  is  critical 
to  a  variety  of  DOD  R&D  missions,  including  the  design  of  directed  energy 
weapons,  propagation  (e.g.,  "channeling")  of  charged  particle  beans, 
improvement  of  high  power  radar  technology  and  electronic xountermeasures, 
advances  in  ultra-anall  electronic  devices,  optical  storage  and  switching 
aspects  of  ultra-fast  optical  computers,  etc.   High  average  moderate  power 
tunable  lasers  are  expected  to  have  important  implications  for  tactical 
applications  related  to  electronic  warfare. 


Building  Requirements  total  Facility 

(gross  ft*)  Cost  (s  thousands) 
—  Priority,^  —   


17,000  2,500 
Priority  2  — 


-  —  4,000 
17,000  6.500 
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Thrust  Area:    Directed  Energy  Devices 


Laboratory  Heeds 


Building  Requirements 
Tgross ft2) 


Facilities: 


Total  Facility 
Cost  (s  thousands) 


New  construction 


—  ♦Priority  1  — 


Renovation/expansion 


63,000 

Priority  2  — 


13,250 


Hew  construction 


Renovation/expansion 
Subtotal: 


20,000 
8?, 000 


MOO 


Equipment:    Hardware  to  enlarge  accelerator  power  supplies  and  capacitor 
banks;  vacuum  tube  fabrication  equipment;  large  electric  discharge 
chambers;  pulsed  power'generator;  high-power  glass  laser;  dedicated  data 
acquisition  and  analysis  computer  facilities. 


Total  Cost:  $27,500,000 
Technical  Objectives  and  Opportunities: 

—  Priority  1  — 

-  Upgrade  stellatron  accelerator  facility  as  a  testbed  for  high  current, 
high  energy. accelerators,  including  screen  room  and  associated  diagnostic 
instrumentation.    Facility  would  generate  data  of  use  in  the  development  of 
compact,  high  performance  accelerators  in  the  non-linear  bean  interaction 


-  Establish  center  for  r  -^search  on.thermionic  sources  of  millimeter  wave 
radiation  at  megawatt  power  levels.   The  facility  would  provide  under- 
standing electron-electromagnetic  field  interactions  leading  to  the 
development  of  Rf  sources  in  a  regime  extending  to  30  THZ. 

-  Develop  high  repetition  rate,  high  average  power  pulsed  power 
facilities  to  support  studies  in  plasma  beam  propagation, 
microwave  power  generation,  and  the  interaction  of  electromagnetic 
radiation, with  materials. 

—  Priority  2  — 

-  Esoand  center  for  research  on  switches  and  power  conditioners  for 
extr^«ely  high™ voltages  and  high  currents.  Research  in  this  area 
is  heavily  dependent  on  the  existence  of  specialized  facilities. 


Priority 


Cost  (*  thousands) 
5^50 


2 

Subtotal: 
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National  Security  Consequences;   Compact  high  current,  high  energy 
accelerators  are  key  components  In  charged  end  neutral  particle  beam  weapons 
concepts.   Thermionic  radiation  sources  arc  essential  components  of  and/or 
have  Implications  for  fusion  power  sources,  directed  energy  weapons,  and 
spacecraft  vulnerability  questions  associated  with  ion  clouds  in  space. 
High  voltage  and  high  current  switches,  regulators,  and  storage  devices  are 
required  to  operate  directed  energy  weapons.   The  development  of  repetitive 
and  reliable  opening  switches  would  remove  significant  impediments  to  the 
practical  implementation  of  all  directed  energy  devices. 
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PHYSICS 

Thrust  Area:   Optical  Communications  and  Spectroscopy 
Laboratory  Weeds 

Building  Requirements  Total  Facility 

Facilities:  (gross  ftz)  Cost  ($  thousands; 

—  Priority  1  — 

N/A 

—  Priority  2  — 

New  Construction  8,000  if000 

Renovation/expansion  —   

Subtotal:  TJTxTo  TTcxffi 

Equipment:   Lasers  (stable  argon  ion,  ring,  picosecond  CO-, 
femtosecond  dye  end  YAG,  mode-locked  glass);  transient  digitizers; 
computational  and  digital  signal  processing  capabilities;  scanning 
electron  microscope;  optical  components  with  special  coatings. 

Priority  Cost  ($  thousands) 

1  

2  950 
Subtotal: 

Total  Cost:    $3, 500,000 

Technical  Objectives  and  Opportunities: 

—  Priority  1  — 

Laboratory  upgrade  would  facilitate  research  leading  to  a  better  under- 
standing of  the  fundamental  processes  and  interactions  in  semiconductors 
and  microstructures  necessary  for  the  development  of  ultra-fast 
semiconductor  electronic  devices. 

—  Priority  2  — 

-  Laboratory  improvement  would  permit  detection  of  weak  signals  which 
arise  in  many  photon  statistic  experiments.   For  example,  the  creation  of 
photon  pairs  through  non-linear  processes  followed  by  subsequent 
simultaneous  detection  (i.e.  correlation  experiments)  generally  produces 
weak  signals.    Such  phenomena  could  greatly  expand  communication 

signal  detection  capabilities. 

-  A  Center  for  Optical  Circuitry  wouid  be  established  for  optical 
computing.    It  offers  the  possibility  of  great  advances  in  computing 
speed,  capacity,  and  degree  of  parallelism  over  electronic  computing. 
Iframatic  new  computer  architectures  are  possible,  e.g.,  three- 
dimensional  logic  and  storage. 

National  Security  Consequences:   A  wide  variety  of  defense-related 
technology  improvements  are  based  on  progress  in  the  development  of 
extremely  fast  and  compact  electron  devices  for  digital  and  analog  appli-  i 
cations.    These  include  smart  weapons  and  surveillance  systems.  In 
addition,  secure  optical  communications  havo  important  applications  to 
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CHAPTER  V 


DISCUSSION  AND  RECOMMENDATIONS 

A.  DISCUSSION 


The  laboratory  needs  cited  in  Chapter  IV  relate  to, universities 
already  heavily  involveo  in  conducting  research  for  DOD.   They  represent  a 
I  small  subset  of  the  157  colleges  and  universities  addressed  in  Tables  III- 

1  and  5,  and  an  even  smaller  segment  of  all  research  universities  included 

*  in  Tables  III-2  and  3.   The  AAU  study  summarized  in  Table  III-1  equates 

t  with  this  work  most  readily  in  terms  of  the  number  of  institutions  covered. 

5  Summary  comparisons  follow  between  the  prior  laboratory  assessments 

*  cited  in  Chapter  III  and  the  present  work  given  in  Chapter  IV.    It  should 
be  emphasized  that  these  comparisons  involve  the  DOD-specific  laboratory 
needs  developed  in  this  report  as  opposed  to  more  general  needs  addressed 
in  prior  studies.    Nonetheless,  they  suggest  that  the  cumulative  expendi- 
tures discussed  in  Chapter  IV  are  of  reasonable  magnitude  in  the  context 
of  general  university  laboratory  needs  identified  in  other  studies. 

\  o  The  AAU  data  shown  in  Table  III-1  relate  to  15  universities,  a 

*  figure  roughly  equivalent  to  the  average  nunber  of  institutions 
encompassed  by  defense-related  laboratory  needs  for  each  of  the 
disciplines  cited  in  Table  TV-1.   This  probably  accounts  for  the 
fact  that,  for  some  disciplines,  defense-related  totals 
substantially  exceed  the  AAU  report  figures.    Interpretations  of 
these  comparisons  must  be  tempered  by  the  fact  that  the 

*  discipline-specific  university  populations  encompassed  within  the 
:  present  study  differ  markedly  from  the  AAU  sample  population.  A 

Comparison  of  Tables  III-1  and  IV-1  indicates  that  the  defense- 
related  facilities  needs  cited  in  this  report  constitute  13 
percent  of  the  AAU  Chemical  Sciences  projections  for  the  period 
;  1982-8*4,  oyer  100  percent  for  Engineering  (encompassing  the 

Electronics,  Engineering,  and  Materials  categories  of  Table  IV- 
1),  and  55  percent  for  Physics.   For  projected  equipment  needs, 
those  of  this  study  exceed  the  AAU  figures  by  factors  of  roughly 
three  and. six  for  Chemical  Sciences  and  Engineering.  The 
numbers  are  comparable  for  Physics,  excluding  the  astrophysics 
high  resolution  imager  cited  in  the  present  study. 

o  According  to  NSF  staff,  an  estimated  50  percent  to  70  percent  of 
the  $221  million  cited  in  /able  IH-2  for  19&3  university  capital 
expenditures  (research  and  instructional)  was  devoted  to  research 
laboratory  facilities.  "TSsuming,  for  purposes  of  comparison,  a 
60  percent  figure,  1983  research  laboratory  expenditures  for  all 
universities  in  the  engineering  and  physical  science  disciplines 
total  $133  million.    To  obtain  a  roughly  comparable  figure,  one 
can  annualize  the  *275  million  of  defense-related  engineering  and 
physical  sciences  facilities  needs  (Table  IV-1)  over  a  five-year 
period.   This  yields  an  annual  expenditure  rate  of  $55  million. 

*  It  represents  slightly  more  than  10  percent  of  the  estimated  $133 

*  million  spent  by  all  universities. 
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o   Research  equipment  expenditures  for  all  U.S.  colleges  and 
universities  are  summarized  in  Table  III-3  for  Engineering, 
Chemistry,  and  Physics  and  Astronomy.   Engineering  expenditures 
average  approximately  $70  million  for  the  two-year  period.  The 
NSt  Engineering  category  compares  roughly  to  the  combined 
Engineering,  Electronics,  and  Materials  categories  of  this 
report,  where  priority  1  and  2  equipment  needs  shown  in  Table 
IV-1  total  almost  $200  million.    If  the  $200  million  is 
annualized  over  a  five-year  period,  approximately  XH0  million  in 
FY  65  dollars  would  be  spent  for  defense-related  equipment 
annually.  This  represents  over  55  percent  of  the  average  1982-83 
engineering  annual  equipment  expenditures  for  all  higher 
education  institutions.   Similar  analyses  for  physics  and 
chemistry  suggest  that  needs  in  these  areas  cited  in  Table  IV-1 
pro-rated  over  five  years  are  approximately  $35  million  and  $9.5 
million,  respectively.   The  projected  annual  physics  expenditure 
is  roughly  equal  to  the  NSF  1982-83  average  for  all  universities, 
largely  due  to  a  $150  million  high  resolution  Imager  for 
astrophysics.  Similarly,  the  projected  chemistry  annual 
expenditures  are  30  percent  of  the  average  for  all  U.S. 
universities  for  the  two-year  period. 

o  Column  two  of  Table  111-4  lists  1982  resf^rch  equipment 

expenditures  for  the  top  157  research  universities.   As  in  Table 
III-3,  the  NSF  Engineering  category  compares  roughly  to  the 
combined  Engineering,  Electronics,  and  Materials  categories  of 
this  report,  whose  equipment  needs  total  approximately  $200 
million.  Assuming  again  that  expr/Jitures  for  defense-related 
laboratory  equipaent  needs  would  be  spread  over  a  five-ysar 
period,  approximately  $40  million  in  FY  85  dollars  would  be 
spent  for  this  purpose  annually.  This  represents  roughly  35 
percent  of  the  1982  expenditures  for  the  157  universities. 
Similarly,  the  five  year  annual  expenditure  level  for  physics 
from  Table  IV-1  is  over  60  percent  of  the  1982  equipment  purchase 
level,  largely  duetto  the  inclusion  of  the  aforementioned  a  150 
million  high  resolution  Imager  for  astrophysics  applications* 
The  five-year  expenditure  level  implied  for  chemistry  in  Table  IV- 
1  is  $9.5  dlllion,  or  approximately^  percent  of  the  stated  1982 
expenditures  by  the  157  universities. 

0  The  replacement  value  of  "academic  research  instrument  systems  in 
active  research  use"  for  the  aforementioned  157  universities  is 
given  in  Table  III-3  in  terms  of  1982  dollars  (Colum  *J).  With 
an  inflation  factor  of  1.076  applied  to  the  1982  costs,  Tabl«  V-1 
gives  priority  1  and  2  (total)  defense-related  equipment  needs 
from  Table  IV-1  expressed  as  percentages  of  Table  III-5 
replacement  values.   As  before,  the  NSF  Engineering  category 
encompasses  the  Electronics,  Engineering,  and  Materials 
categories  of  this  report.  For  the  Engineering  and  Physics  ind 
Astronomy  categories,  stated  defense-related  needs  are  quite 
substantial  in  comparison  with  the  KSF  equipment  replacement 
figures.   Tne  Chemistry  percentage  is  substantially  lower, 
perhaps  reflecting  a  proportionately  lesser  D0D  involvement  in 
brood  aspects  of  experimental  chemistry. 
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Table  V-I 


Defense-related  university  laboratory  equipment  needs  (Table  IV- 1)  expressed  as 
percentages  or  replacement  costs  Tor  all  research  equipment  at  157  leading 
research  universities  (Table  III-5) 


Field  of  Research  %  of  Replacement  Value 

Chemistry  15 
Engineering  W 
Physics  and  Astronomy  68 
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B.  RECCHHEKDATIOKS 


A  total  of  $300  rillion  over  a  five  (5)  year  period  is  proposed  for 
the  upgrading  of  university  laboratories. 

U  The  priority  1  laboratory  facilities  needs  cited  in  Table  IV-1 
should  be  addressed  with  incremental  funding  of  a  five-year  $150  million 
initiative*   The  initiative  should  be  a  part  of,  and  administered  through, 
the  existing  contract  research  programs  of  the  OXRs  and  CARPA.   It  is 
believed  that  this  is  the  raost  efficient  mechanism  for  targeting 
facilities  improvement  funds  toward  the  highest  DOD  research  priorities. 
This  program  would  be  of  equal  magnitude  (i.e.  $150  million  expended  at  an 
annual  rate  of  $30  million)  to  the  existing  University  Research 
Instrumentation  Program  (UKIP)  pertaining  to  equipment,  but  would  be 
allocated  as  facilities-earmarked  increments  to  competitive  research 
awards.    It  would  thus  differ  from  URIP  in  that  it  would  not  require  the 
establishment  of  separate  review  and  award  mechanisms.    It  should  be 
stressed  that,  in  the  best  interests  of  national  security,  neither 
equipment  nor  facilities  upgrade  programs  should  be  funded  at  the  expense 
of  existing  QXR  and  MRPA  competitive  research  programs.   Farther  erosion 
of  the  latter  would  Jeopardize  the  scientific  basis  for  fut«rs 
technological  innovation  on  which  our  national  security  defends. 

2.  The  existing  URIP  program  should  be  extended  by  three 

years  at  its  present  level  of  $30  million  per  year.   Ihis,  combined  with 
the  remaining  two  years  ($60  million)  of  the  present  program,  would 
constitute  the  $150  million  required  to  address  priority  1  equipment  needs 
(Table  IV-1). 

3.  Priority  2  laboratory  needs  shojld  be  addressed  as  a 
national  issue  with  the  involvement  of  other  federal  s^encies  havjng 

an  impact  on  the  national  science  and  technology  base,  i.e.  t»je  National 
Science  FouHation,  HASA,  Department  of  Energy,  etc. 

4.  Very  large  items  of  equipment  and/or  facility  needs, 

e.g.  the  $150  million  astrophysics  high  resolution  iraag-.r  cited  in  this 
report,  should  be  addressed  on  their  merits  as  Individual  appropriations 
rather  than  as  parts  of  broader,  more  genera!  funding  Initiatives. 
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STUDIES  OP  ACADEMIC  FACILITIES* 


Study 

"Naalth  Rtltttd  Rtsttrch 
Facilitias  in  tht  U.S.  in 
rSa  Nonprofit  Nonfadaral 
Sactor" 

Study  by  Utsttt  Ccrporttion 
for  National  Institutt  of 
Htalth  (N1U) 
'(1969) 

MHighar  Education  Canaral 
Information  Survay"  (HEC1S) 
Conduct td  by  tht  National 
Cantar  for  Educational 
Statiatica  (NCES) 
(1974) 

"Ntalth  fttsttrch  Fccilitiaai 
A  Survay  of  Doctortta-Cranting 
Institutions."  Conducted  by 
Aaarlnan  Council  on  Education 
(ACE)  w5th  funding  fr on. National 
Sclanca  Foundation  (NSF)  and  H1H  • 
(1976) 


Description  of  Study 

Survay  study  to  ffathar  d,t*  on  tht  aaount, 
tgt  and  ovnarabip  of  spaca  in  1968,  tht 
aaount  of  spaca  undtr  or  schadulad  for 
construction  tnd  tht  tstiaatad  spaca  naadad 
to  aliainata  ovtrcrovding  by  i960 


Survty  of  3,200  collagas  tnd  univtrsitits 
including  dttt  to  tstioata  facilitias 

nstus 


Survty  of  155  Ph.D.  grtnting  institutions 
to  gathar  data  on  status  of  acadaaic  toalth 
rasaarch  facilitita,  nat#  construction  in 
prograas,  and  plans  for  axpansion  in 
succaading  fiva  yaar  pariod 


Findings 

10  a.  of  42  a.  sq.  ft.  in 
unsatisfactory  condition 
-ovtr  50t  tvtilabla  spaca  in 

poor  condition 

-additional  55  a.  squtra  faat 

of  spaca  naadad  by  1980, 

with  17  a.  squtrt  fact  rtquiring 

rtaodtling 

-20%  of  ftcilitita  at  aurvtyad 
institutiona  in  naad  of  ?tpltca- 
aant  (2.3  billion  aquara  faat) 
-$2.  billion  naadad  Just  for 
rtaodtling  of  facilitiaa 


-29%  of  tctdaaic  facilitias  for 
httlth  rtstarch  in  nttd  of  rtno- 
vttion  or  rtpltctaant 
(23  aillion  squara  faat) 
-cost  aatiaataa  to  atat  naadat 
$547  aillion  for  1975} 
$560  aillion  for  tach  of 
succaadlng  fiva  yaara 


Survty  of  922  nonprofit  NIN  tligibU 
institutions  gatharlng  data  to 
astiaata  facilitias  naada 


"National  Survay  of  Laboratory 
Anlaul  Facilitiaa  and  Rasourcas" 
Conductad  by  National  Acadaay 
of  Scltncta  (HAS)  (NIN  Publication 
No.  80-2091) 
(1970) 

♦Source:    Linda  S.  Wilson,  "The  Capital  Facilities  Dilemma: 
Implications  for  Graduate  Education  and  Research", 
to  be  included  in  forthcoming  Brookings  Institution  st»>dy, 
Bruce  L.  R.  Smith,  editor,  The -State  of  Graduate  Education,  1985. 


-161  institutions  rtporttd  naad 
for  raplacaaant  of  facilitias 
-361  rtporttd  nttd  for 
rtaodtling  of  facilitiaa 
-471  rtporttd  nttd  for 
additional  spaca 
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STUDIES  OP  ACADEMIC  FACILITIES 


Study 

lUport  of  Research  Facilities 
trench  of  National  Cancer 
Institute  on  survey  of  fad  lit It i 
needs  in  cancer  research 
Conducted  at  request  of  Rational 
Cancer  Advisory  Board 
(1979) 


Description  of  Study 

Survey  of  106  institutions  receiving 
national  Cancer  Institute  Support 
gathering  data  to  evaluate  current  and 
future  needr  for  upgrading  of  cancer 
research  facilities 


Findings 

Funding  need  of  $149  million 
tor  che  period  1980-1985 
estimated  for  cancer  reseerch 
fecilities 


"A  Program  for  Renewed 

Partnership" 

Prepared  by  the  Sloan 

Coeeilssion  on  Higher 

Education 

(1980) 

The  Nation's  Deteriorating 
Research  Facilities!  A  Survey 
of  Recent  expenditures  and 
Projected  Needs  in  Fifteen 
Universities" 

Conducted  by  the  Association 
of  American  Universities  (AAU) 
(1981) 


Commission  report  on  federal 
goverraent/university  relations 
(No  data  collected) 


Survey  of  15  leading  universities 
gathering  data  on  expenditures  for 
reseerch  facilities  and  laajor  equipment 
and  estimates  of  funding  needs  for 
succeeding  three  year  period  for  faculty 
research  only 


-Reconeendations  for  competitive 
program  for  facilities  research 
grants;  $30  Million  annually  for 
five  years,  to  be  allocated  by 
NSF  end  NIH,  to  upgrade  research 
laboratories  end  equipment, 

-From  1972*1982,  surveyed  insti- 
tutions spent  $400  million  for 
facilities  construction,  repair, 
and  renovation 

•$765  million  needed  for  fecil- 
ities and  equipment  over 
succeeding  three  year  period 
just  to  sustain  faculty  research 
activities 


00 
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STUDIES  0?  ACADEMIC  FACILITIES 


Study 

Report  on  academic  facilities 
survey  (In  1980-4!  Comparative 
Cose  and  Staff Ins  Rtport) 
Conducted  by  Association  of 
Physical  Plant  Administrators 
(APPA) 
(1981) 


Doc  ripe  Ion  of  Study 

Survty  of  226  Institutions  with 
454  slllion  squirt  fttt  of  academic 
•pact  to  gather  date  on  facilities 
conditions  and  projtcttd  nttds 


"Strengthening  tha  Government-         Committee  report  on  federal  government/ 

University  Partnership  In  Science"   university  ralatlona 

Conducted  by  Ad  Hoc  Coanlttee  of      (no  data  gathered) 

HAS,  National  Academy  of  Engineering 

and  Institute  of  Kadlclna 

U9M) 


"Adequacy  of  Acs deal c  Research 
Feci lit las* 

Conducted  by  Ad  Hoc  Interagency 

Steering  Committee  on  Academic 

Research  Pacllltlee 

(April,  1984)  Matlonal  Science 

Foundation 


Pilot  study  of  23  major  reseaKw  insti- 
tutions with  major  study  planned  to  gather 
date  for  detailed  analysle  of  the  condition 
of  facilities  used  for  science  and  engineering 
and  Medical  research*  Kajor  etudy  to  cotlmcte 
future  needs  for  construction,  rcmttdctlag 
and  refurbishment  of  academic  research 
facilities 
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findings 


-$l«83-$2,0C7square  foot  re- 
quired to  eliminate  most  press* 
Ing  Reeds 

-deferred  maintenance  need, per 
Institution  of  $9.3  million  et 
universities 

$1.1  million  at  four  year  col- 
leges 

$•4  million  et  two  year  col legos 

-Critical,  growing  need  for 
replacement  of  academic  science 
facllltlea  and  equipment 
-recommends  cooprehenslve  pro- 
gram for  facilities  construction 
and  development,  acquisition, 
maintenance  and  operation  of 
modern  equipment 


-Over  succeeding  3  year  period 
all  colleges  and  unlvoreltles 
would  require  about  $1.3  billion 
per  year  for  research  fecllltles 
el one. 

(Mocet  Present  level  of  capital 
facilities  expenditures  for  eca~ 
demlc  research,  development  end 
Instruction  Is  $1  billion  per 
year.) 


STUDIES  Of  ACADEMIC  FACILITIES 


Study 

Report  of  Department  of 
Defense  (000)  Working  Croup 
oh  Engineering  and  Science 
Education;  Prepared  by  D0D- 
Universicy  Forus*" 
(1953) 

VReport  on.WlH  Experience 
with  Extramural  Construction 
Authority** 

Prepared  by  Off let  of  Program 
Planning  m»4  Eveluation,  NIH 
(1983) 


Description  of  Study 

Working  group  rtport  on  condition 
and  needs  of  ecedtaic  telanca  and 
engineering 


Hlttorlcal  comparison  of  "legislative 
authorities  for  construction  of  haalth 
rasaarch  facllltlas  analysing  past 
facllltlas  funding  axparlencas 


**Unlvarslty  ftasoarch  Facilities*      Survay  of  1983  MSP  grant  Principal 
Rtport  on  a  Survay  Among  national     Invas tig* tors  (248  investigators 
Science  Foundetion  Crantees"  rendomly  sailed)  to  determine  condition 

Conducted  by  Division  of  Policy       of  existing  facilities  end  the  impact 
Reseerch  end  Analysis,  KSF,  for       of  facilities  on  research 
Inf rest roc ture  Tesk  Croup  of 
national  Science  Board  (KSB) 
(June,  1984) 
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Findings 


Deficiencies  in  research  facil- 
ities and  equipment  ecute  in 
most  universities 


•Funding  euthorities  mainly  for 

special,  not  gencrel,  use 

•Almost  ell  funds  nede  ovsileble 

under  grant  mechanisms 

-Recent  euthorities  fell  to 

deparate  funds  for  construction 

and  research  jfe 

-None  of  funding  authorities  o 

based  on  systematic  analysis  of 

need 

-701  facilities  had  been  reno- 
vated in  last  10  years  using  7% 
Federel  $ 

-50%  facilities  sleted  for  reno- 
vation.in  nest  three  yeer* 
-80X  of  P.I.'s  rated  sa/ety  ef 
facilities  as  excellent 
-60%  reported  bavin*, lost  some 
research  time  in.  past  yeer  due 
to  fecilities-releted  fei lures; 
40%  reported  greduate  students 
bad  spent  3  or  more  <*'<ys  fixing 
problems  erected  by  facilities 
over  "est  yeer 


Proposed  study  of  cancer 
research  facilities 
Conducted  by  President's 
Cancer  Panel  and  the 
National  Cancer  Institute 
(Proposed) 

Facllltlee  Heeds  In  Cheulcal 

Science  end  Engineering 

Conducted  vnder  aegle  of  the 

Board  on  Cheaieal  Science  and 

Technology,  National  Research 

Council 

(In  progress) 


STUDIES  OF  ACADEMIC  FACILITIES 


Description  of  Study  Findings 

Proposed  survey  study  to  gather  i„  progress 

data  to  Inventory  the  quality  and 
quantity  of  current  research  facilities 
In  cancer  research 


Survey  to  ascertain  epeclflc  facilities  data         In  progress 
for  research  and  teaching  In  chealstry,  bio- 
chealstry,  and  cheaieal  engineering  acadealc 
departaents 
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Summary  and  Recommendations 


Contemporary  science  and  technology  are  inconceivable  with- 
out the  array  of  instruments  and  other  research  equipment  avail- 
able today.  Recent  years,  however,  have  seen  steady  erosion  of 
our  universities*  ability  to  acquire  and  maintain  equipment  that 
qualifies  as  state  of  the  art— the  bes!:  generally  available.  With- 
out this  new  equipment,  advances  in  many  scientific  disciplines 
cannot  occur..  The  situation  has  reached  the  point  where  it 
threatens  the  strength  of  the  nation's  research  enterprise  and  the 
quality  of  education  of  new  scientists  and  engineers. 

The  project  summarized  here  was  designed  to  seek  ways  to 
ensure  that  the  funds  available  for  scientific  equipment  iti  univer- 
sities are  used  at  maximum  efficiency.  We  examined  federal  and 
state  regulations  and  practices,  management  practices  in  univer- 
sities, and  sources  and  mechanisms  of  funding.  We  reached  the 
following  broad  conclusions: 

Many  actions  can  be  taken  that  clearly  would  enhance 
efficiency  in  the  acquisition^  management,  and  use  of  research 
equipment  by  universities,      they  are  specified  in  our  recom- 
mendations. Thb  overall  problem  is  so  large,  however,  that  it 
"wnot  be  properly  addressed  without  substantial,  sustained 
investment  by  all  sources— federal  and  state  governments, 
universities,  and  the  private  sector. 


SOURCE  OF  THE  PROBLEM 

The  situation  has  been  documented  in  a  succession  of  studies 
dating  from  the  early  1970s.  The  most  recent  and  most  compre- 
hensive study  is  the  National  Science  Foundation's  National 
Survey  of  Academic  Research  Instruments,  covering  the  years 
1982-1983.  Newly  published  results  of  the  survey  show  in  part 
that: 
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•  Of  the  university  department  heads  surveyed,  72  percent 
reported  that  lack  of  equipment  was  preventing  critical 
experiments. 

•  Universities'  inventories  of  scientific  equipment  showed 
that  20  percent  was  obsolete  and  no  longer  used  in  research. 

•  Of  all  instrument  systems  in  use  in  research,  22  percent 
were  more  than  10  years  old. 

•  Only  52  percent  of  instruments  in  use  were  reported  to  be  in 
excellent  working  condition. 

•  Of  university  department  heads  surveyed,  W  percent  rated 
the  quality  of  instrument-support  services  (machine  shop, 
electronics  shop,  etc.)  as  insufficient  or  nonexistent. 


Such  difficulties  stem  from  several  interrelated  trends.  As 
scientific  instruments  have  grown  steadily  more  powerful  and 
productive,  their  initial  costs  have  significantly  outpaced  the 
general  rate  of  inflation.  One  industrial  laboratory,  for  example, 
found  that  the  cost  of  keeping  its  stock  of  research  equipment  at 
the  state  of  the  art  rose  16.4  percent  per  year  during  197j>-1981, 
while  the  consumer  price  index  rose  9.9  percent  per  year.  The 
growing  capabilities  of  equipment  also  entail  higher  costs  for 
operation  and  maintenance.  The  rapid  pace  of  development,  more- 
over, has  shortened  the  technologically  useful  life  of  equipment; 
instruments  today  may  be  superseded  by  more  advanced  models  in 
five  years  or  less.  And  for  more  than  15  years,  the  funds  avail- 
able from  all  sources  have  failed  consistently  to  reflect  the  rising 
costs  and  declining  usefu*  lifetimes  of  academic  research 
equipment. 

Research  project  grants,  the  leading  source  of  academic 
research  equipment,  have  only  slightly  outpaced  inflation  in 
recent  years.  Individual  grants  averaged  about  $94,000  at  the 
National  Science  Foundation  (NSF)  in  1985  and  $133,000  at  the 
National  Institutes  of  Health  (NIK).  Such  grants  can  accommo- 
date instruments  of  only  modest  cost.  Benchtop  equipment  priced 
at  $50,000  or  more  is  common,  however,  an'l  research  in  a  number 
of  fields  is  relying  increasingly  on  equipment  that  costs  from 
$100,000  to$l  million. 

Trends  in  funding  of  scientific  equipment  in  universities  have 
long  been  dominated  by  federal  spending,  which  accounted  for  54 
percent  of  the  equipment  in  use  in  1982-1983;  the  universities 
themselves  are  the  next, most  important  source  of  support  and 
provided  32  percent  of  such  funding.  States  directly  funded  5 
percent  oCthe  cost  of  the  equipment  in  use  in  1982-1983,  indi- 
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viduals  and  nonprofit  organizations  funded  5  percent,  and  industry 
funded  4  percent.  Federal  funding  of  academic  research- 
including  the  associated  equipment— grew  at  an  average  annual 
irate  of  15.7  percent,  in  constant  dollars,  during  1953-1967,  but 
the  rate  fell  to  1.6  percent  during  1968-1983. 

Besides  its  role  in  support  of  research,  the  government  was  a 
major  contributor  to  the  universities1  massive  capital  expansion  of 
the  1950s  and  196ps>  which  included  substantial  amounts  of  scien- 
tific equipment.  Again,  however,  the  rate  of  federal  investment 
turned  downward.  The  governments  annual  spending  on  academic 
RocD  facilities  and  equipment,  in  constant  dollars,  fell  some  78 
percent  during  1966-1983. 


RESPONSES  TO  THE  PROBLEM 

Both  academic  and  federal  officials  responded  to  essentially 
level  f unding.by  supporting  people  over  investment  in  capital 
equipment.  The  fraction  of  research-project  support  allocated  to 
permanent. university  equipment  by  the  National  Institutes  of 
Health  declined  from  11.7  percent  in  1966  to  an  estimated  3.1 
percent  in  1985.  At  the  N?  iional  Science  Foundation  the  fraction 
fell  from  11.2  percent  in  1966  to  an  average  of  7.1  percent  during 
1969-1976.  The  federal  mission  agencies1  support  for  research 
equipment  declined  similarly,  .although  exact  data  are  not 
available.  - 

Efforts  to  ease  the  universities1  serious  difficulties  with  scien- 
tific equipment  began  to  appear  in  the  early  1980s.  NSF  increased 
its  investment  in  academicequipment  from  1 1  percent  of  its  uni- 
versity R&D  budget  in  IS78  to  an  estimated  17.5  percent  in  1985. 
The  Department  of  Defense  launched  a  special  five-year  univer- 
sity instrumentation  program,  totaling  $150  million,  which  is 
projected  to  run  through  1987.  The  Department  of  Energy  began 
a  special  $30  million  program  scheduled  to  end  in  1988.  The  fed- 
eral and  state  governments  adopted  tax  incentives  designed  to 
encourage  contributions  of  equipment  by  its  manufacturers.  State 

overnments  began  to  increase  their  funding  of  equipment  for 
£  ate  colleges/and  universities  and  ha,#e  initiated  a  range  of  devel- 
opment activities  designed  in  part  tc  attract  industrial  support  for 
k&D  in  their  universities. 

The  expanded  federal  investments  were  the  result,  in  part,  of 
the  efforts  of  the  Interagency  Working  Group  on  University 
Research  Instrumentation,  which  was  organized  in  mid-1981  to 
focus  high-level  agency  attention  on  the  university  instrumen- 
tation problem.  Its  members. were  senior  officials  drawn  from 
each  of  the  six  major  agencies  supporting  research  in  universities— 
the  National  Science  Foundation,  the  Notional  Institutes  of 
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Health,  the  National  Aeronautics  and  Space  Administration,  and 
the  Departments  of  Agriculture,  Defense,  and  Energy. 


BACKGROUND  OF  THE  STUDY 

Although  these  initiatives  are  welcome,  they  clearly  are  not 
sufficient.  Of ficials  in  academe  and  government  agree  that  the 
equipment  problem  is  critical  and  steadily  growing  and  that  ways 
to  use  existing  resources  more  efficiently  must  be  explored.  In 
July  1982  at  the  request  of  the  Interagency  Working  Group,  the 
Association  of  America  i  Universities,  the  National  Association  of 
State  Universities  and  Land-Grant  Colleges,  ar  a  the  Council  on 
Governmental  Relations  convened  an  ad  hoc  planning  committee 
to  consider  whether  a  special  effort  was  needed  to  address  the 
following  questions: 

♦  Could  changes  be  made  in  federal  or  state  laws,  regula- 
tions, or  policies  that  would  enhance  the  efficiency  of  acquisition, 
management,  and  use  of  academic  research  equipment? 

*  What  more  can  universities  do  to  improve  the  way  they 
acquire,  manage,  and  use  research  equipment? 

•  Does  debt  financing  hold  significant  untapped  potential  for 
universities  as  a  means  of  acquiring  new  research  equipment? 

•  Can  present  tax  incentives  for  the  donation  of  research 
equipment  to  universities  be  revised  to  increase  support  from 
industry?  ^ 

*  Are  there  alternative  methods  of  direct  federal  funding  of 
research  equipment  that  would  yield  a  better  return  on  the 
federal  investment? 

The  resulting  analysis  was  carried  out  jointly  by  the  three 
associations  with  funding  from  the  six  federal  agencies  and  the 
Research  Corporation.  Substantive  direction  for  the  study  was 
provk'cd  by  a  seven-member  Steering  Committee  chaired  by 
Richard  Zdanis,  Vice  Provost  of  Johns  Hopkins  University.  Much 
of  the  field  research  was  done  by  a  three-member  team:  Robert 
Bock,  Dean  of  the  Graduate  School  at  the  University  of  Wisconsin; 
David  Litster,  Director  of  the  Center  for  Materials  Science  and 
Engineering  at  MIT;  and  Julie  Norris,  Assistant  Provost  of  the 
University  of  Houston.  This  team  visited  23  universities  and 
governmental  and  industrial  laboratories;  they  met  with  more 
than  500  faculty  investigators,  department  chairmen,  research 
and  service  center  directors,  deans  and  chief  administrators,  or 
the  functional  equivalents  in  government  and  industry.  (A  list  of 
the  places  visited  is  appended  to  this  sumnru\ry.)  The  team  and 
the  firm  of  Coopers  &  Lybrand  each  produced  background  reports 
O-  r  the  project. 
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RECOMMENDATIONS 

The  actions  recommended  below,  as  we  stated  at  the  outset, 
would  clearly  enhance  efficiency  in  tne  acquisition,  management, 
and  use  of  acadenac  research  equipment.  We  would  like  to  empha- 
size, however,  that  even  if  all  these  recommendations  are  acted 
upon,  the  universities1  equipment  needs  are  so  large  that  they 
cannot  be  met  without  substantia!  increases  in  funding.  Modern- 
ization, moreover,  cannot  be  a  one-time  effort.  Continuing 
investment  will  be  required  based  on  the  recognition  that  labora- 
tories in  many  fields  of  science  have  to  be  reequipped  at  intervals 
of  five  years  or  less.  The  universities,  the  states,  and  industry 
must  share  with  the  federal  government  the  responsibility  for 
modernization  and  long-term  maintenance  of  the  quality  of  scien- 
tific equipment  at  the  nation's  universities. 

The  recommendations  that  follow  appear  in  the  topical  order 
employed  in  the  full  report:  the  feder  .1  government,  the  states, 
the  universities,  debt  financing  by  universities,  and  private  sup- 
pet  for  equipment. 

The  Federal  Government 

The  federal  government  has  been  the  major  funder  of  research 
equipment  in  universities  during  the  past  four  decades.  Current 
federal  funding  mechanisms,  however,  do  not  comprise  adequate 
means  of  regularly  replacing  obsolete  or  worn-out  equipment  with 
state-of-the-art  equipment.  Regulatory  and  procedural  difficul- 
ties complicate  the  problem. 

We  recommend... 

1 .  That  the  heads  of  federal  agencies  supporting  university 
research  issue  policy  statements  aimed  at  removing  barriers  to 
the  efficient  acquisition,  management,  and  use  of  academic 
research  equipment.  Few  federal  regulations,  as  written,  con- 
tribute directly  to  the  equipment  problem.  Inconsistent  interpre- 
tation of  regulations  by  federal  officials,  however,  complicates 
the  purchase,  management, .and  replacement  of  research  equip- 
ment and  leads  to  unnecessarily  conservative  management 
practices  at  universities.  Desirable  actions  are  summarized  in  the 
recommendations  below. 

2.  That  federal  agencies  more  adequately  recognize  and 
provide  for  the  full  costs  of  equipment,  including  operation  and 
maintenance,  soace  renovation,  service  contracts,  and  technical 
support  by  ... 
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...providing  these  costs  in  project  grants  and  contracts  or 
ensuring  that  recipients  have  provided  them. 

...accepting  universities'  payment  of  costs  such  as  installation, 
operation,  and  maintenance  as  matching  funds  on  programs  that 
require  matching  contributions  by  universities. 

3.  That  federal  agencies  adopt  procedures  that  facilitate 
spre£<ling  the  cost  of  more  expensive  equipment  charged  directly 
to  research-project  awards  over  several  award-years  and  allow 
the  cost  and  use  of  equipment  to  be  shared  across  award  and 
agency  lines.  Individual  research-project  grants  and  contracts 
normally  can  accommodate  equipment  of  only  modest  cost. 
Investigators,  moreover,  have  difficulty  combining  funds  from 
awards  from  the  same  or  different  agen  ies  to  buy  equipment. 

4.  That  federal  auditors  permit  universities  to  recover  the  full 
cost  of  nonf ederaliy  funded  equipment  from  federal  awards  when 
they  convert  from  use  allowance  to  depreciation.  Office  of 
Management,  and  Budget  (OMB)  Circular  A-21  permits  such 
conversion  as  well  as  recovery  of  full  cost.  Auditors  of  the 
Department  of  Health  and  Human  Services,  however,  permit 
recovery  only  as  if  the  equipment  were  being  depreciated  during 
the  time  it  was  in  fact  covered  by  the  use  allowance.  This  prac- 
tice, in  effect,  denies  recovery  of  full  cost. 

5.  That  the  Office  of  Management  and  Budget  make  interest 
on  equipment  funds  borrowed  externally  by  universities  unequivo- 
cally an  allowable  cost  by  removing  from  OMB  Circular  A-21  the 
requirement  that  agencies  must  approve  such  charges.  Interest  on 
externally  borrowed  funds  has  been  i  permissible  cost  since  1982 
at  the  discretion  of  the  funding  agency,  but  agencies  have  shown 
significant  reluctance  to  permit  it.  The  perception  of  inability  to 
recover  interest  costs  m^y  lead  university  officials  tcdecide 
against  seeking  debt  financing  for  equipment. 

6.  That  ail  federal  agencies  vest  title  to  research  equipment 
in  universities  uniformly  upon  acquisition,  whether  under  grants  or 
contracts.  Fedeial  regulations  on  title  to  equipment  vary  among 
agencies,  and  such  variability  inhibits  efficient  acquisition,  man- 
agement, and  use  of  equipment.  Without  assurance  of  title,  for 
example,  investigators  hesitate  to  combine  university  funds  with 
federal  fund*  to  acquire  an  instrument  not  affordable  by  a  single 
sponsor. 

7.  That  the  Office  of  Management  and  Budget  make  federal 
regulations  and  practices  governing  management  of  equipment 
less  cumbersome  by... 

...setting  at  $J0,CGC  the  minimum  level  at  which  universities 
must  screen  their  inventories  before  buying  new  equipment  and, 
above  that  minimum,  permitting  universities  and  agencies  to 
negotiate  different  screening  levels  for  different  circumstances. 
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.  •..raising  the  capitalization  level  for  research  equipment  to 
$l,000jn  OMB  Circulars  A-21  (now  at  $500)  and  A-l  10  (now  at 
$30Q)  and  giving  universities  the  option  of  capitalizing  at  differ- 
ent levels., 

8.  that  the  Department  of  Defense  eUminate  its  require- 
ment that;  the  inventory  of  the  Defense  Industrial  Plant  Equip- 
ment Center  (DIPEC)  b*  screened  for  the  availability  of  special- 
ized scientific  equipment  requested  by  universities  before  new 
equipment  is  purchased*  The  descriptions  of  equipment  in  the 
DIPEC  inventory  do  not  peimit  a  federal  property  officer  to 
determine  whether  a  scientific  instrument  in  the  inventor}  is  an 
adequate  substitute  for  the  one  requested.  Hence,  the  require- 
ment for  screening  is  wasteful  for  both  universities  and  the 
government. 

9.  That  otter  federal  agencies  adopt  the  NIH  and  NSF  prior 
approval  r/stems.  Purchases  of  equipment  with  federal  funds 
ordinarily  must  be  approved  in  advance  by  the  sponsoring  agency. 
Purchases  can  be  approved  by  the  university,  however,  under  the 
NIH  Institutional  Prior  Approval  System  and  the  NSF  Organiza- 
tional Prior  Approval  System.  These  systems  markedly  improve 
speed  and  flexibility  in  acquiring  equipment. 


The  States 

State  governments  act  as  both  funder  and  regulator  in  regard 
to  academic  research  equipment,  and  conflict  between  these  roles 
is  inherent  to  a  degree  in  the  relationship  between  the  states  and 
their  public  universities.  Still,  we  belie\e  that  in  many  cases  the 
states  could  combine  these  broad  roles  more  rationally  and  could 
otherwise  help  to  ease  the  schools'  difficulties  with  research 
equipment. 

We  recommend... 


1 .  That  states  assess  the  adequacy  of  their  direct  support  for 
scientific  equipment  in  their  public  and  private  universities  and 
colleges  relative  to  support  from  other  sources  and  the  stature  of 
their  schools  in  the  sciences  and  engineering.  Thd  states  cannot 
displa  *  the  federal'  government  as  the  major  funder  of  academic 
research  equipment,  but  judicious  increases  on  a  highly  selective 
basis  could  be  extremely  beneficial  to  the  scientific  stature  of 
states  while  simultaneously  increasing  the  effectiveness  of  funds 
available  from  federal  and  industrial  sources. 

2.  That  states  grant  their  public  universities  and  colleges 
greater  flexibility  in  handling  funds.  Desirable  provisions  would 
permit  schools  to  transfer  funds  among  budget  categories,  for 
example,  and  to  carry  funds  forward  irom  one  fiscal  period  to  the 
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next*  Greater  flexibility  would  not  only  improve  the  universities1 
ability  to  deal  with  the  problems  of  research  equipment,  it  would 
also  be  likely  to  provide  direct  sav*..igs  in  purchasing  and  would 
free  academic  administrators  to  discharge  th^ir  responsibilities 
more  efficiently. 

3.  That  states  examine  the  use  of  their  taxing  powers  to 
foster  academic  research  and  modernization  of  research  equip- 
ment. Tax  benefits  available  under  the  federal  Internal  Revenue 
Code  are  also  available  I   3*  states  whose  tax  codes  automati- 
cally follow  the  federal  code.  Relatively  few  states,  howevei , 
hav<~  adopted  tax  benefits  designed  to  fit  their  particular 
circumstances. 

4.  -  That  states  revise  their  controls  on  procurement  to 
recognize  the  unusual  nature  of  scientific  equipment  and  its 
importance  to  the  research  capability  of  universities.  Scientific 
equipment  often  is  highly  specialized.  Instruments  that  have  the 
same-general  specifications  but  are  made  by-different  vendors, 
lor  example,  may  have  significantly  different  capabilities.  The 
differences,  furthermore,  may  be  discernible  only  by  experts  in 
the  use  of  the  equipment.  Desirable  revisions  in  state  controls 
would  exempt  research  equipment  from  purchasing  requirements 
designed  far  generic  equipment  and  supplies,  such  as  batteries  and 
cleaning  materials;  would  vest  purchasing  authority  for  research 
equipment  in  individual  colleges  and  universities;  and  would  not 
apply  rules  beyond  those  already  mandated  by  the  federal 
government. 

5.  That  states  consider  revising  their  controls  on  debt 
financing  of  scientific  equipment  at  public  colleges  and  uni- 
versities to  permit  debt  financing  of  equipment  not  part  of 
construction  projects,  recognize  the  relatively  short  useful  life  of 
scientific  instruments,  and  relieve  the  one-  and  two-year  limits  on 
the  duration  of  leases. 


The  Universities 

The.  universities1  ability  to  acquire  and  manage  research 
equipment  efficiently  is  affected  by  their  individual  circum- 
stances, their  traditionally  decentralized  authority,  the  individual 
project-award  system  that  funds  much  of  the  equipment,  and 
state  and  federal  regulations.  Within  this  context,  however,  we 
have  Went'  ed  a  number  of  management  practices  that  warrant 
more  widespread  use. 

Our  findings  indicate  that  universities  would  benefit  from 
stronger^ efforts  to  improve  their  internal  communications.  More- 
overf  bur  recommendations  on  the  whole  imply  a  need  for  a  more 
centralized  approach  than  is  now  the  general  practice  in  univer- 
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sities1  management  of  research  equipment.  We  note  that  other 
developments,  including  the  universities1  growing  interest  in  debt 
financing  and  strategic  planning,  also  point  toward  more  central- 
ized management. 
We  recommend... 

1 .  That  universities  more  systematically  plan  their  allocation 
of  resources  to  favc  *  research  and  equipment  in  areas  that  offer 
the  best  opportunities  to  achieve  distinction.  Such  strategic 
planning  should  involve  participation  by  both  administrators  and 
faculty.  The  process  may  #ell  call  for  hard  decisions,  but  we 
believe  that  they  must  be  made  to  optimize  the  use  of  available 
funds. 

2.  That  universities  budget  realistically  for  the  costs  of 
operating  and  maintaining  research  equipment.  These  costs 
impose  serious  and  pervasive  problems,  and  failure  to  plan  ade- 
quately for  full  costs  when  buying  equipment  is  widespread  as 
well.  Full  costs  include  not  only  operation  and  maintenance,  but 
space  renovation,  service  contracts,  technical  support,  and  the 
like,  Maintenance  is  particularly  troublesome.  Hourly  user 
charges  are  commonly  assessed  to  cover  the  salaries  of  support 

;    .  personnel  and  the  costs  of  maintenance,  but  are  difficult  to  set 
optimally  and  are  rarely  adequate. 

3.  That  investigators  and  administrators  at  universities  seek 
;    agenc/  approval  to  spread  the  cost  of  expensive  equipment 

charged  directly  to  research-project  awards  over  several  award 
years.  As  noted  in  Recommendation  3  under  the  Federal  Govern- 
ment, individual  research  grants  and  contracts  cannot  normally 
accomn-odate  costly  equipment,  and  this  problem  would  be  eased 
By  spreading  costs  over  several  years. 

4.  That  universities  act  to  minimize  delays  and  other  prob- 
lems resulting  from  procurement  procedures  associated  with  the 
acquisition  of  research  equipment*  To  be  most  effective,  the 
procurement  process  should  be  adapted.to  the  specialized  nature 
of  research  equipment,  as  opposed  to  more  generic  products. 
Similarly,  specialized  purchasing  entities  or  individuals  would 
facilitate  timely  acquisition  of  equipment  aroptimum  cost.  Also 
beneficial  would  be  formal  programs  designed  to  inform  purchas- 
ing personnel  and  investigators  of  the  needs  and  problems  of  each. 

5.  That  universities  consider  establishing  inventory  systems 
that  facilitate  sharing.  One  such  system  is  the  basis  of  the 
research'equipnient  assistance  program  (REAP)  at  Iowa  State 
University.  The  REAP  inventory  includes  only  research  equip- 
ment. REAP  may  not  be  cost  effective  for  all  universities,  but 
most  should  find  elements  of,ituseful* 

6.  That  universities  use  depreciation  rather  than  a  use  allow- 
:^ .   ance  to  generate  funds  for  replacing  equipment,  providing  that 
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they  can  negotiate  realistic  depreciation  schedules  and  dedicate 
the  funds  recovered  to  equipment.  Universities  can  use  either 
method,  but  rates  of  depreciation  are  potentially  higher— and  so 
recover  costs  more  rapidly— than  the  use  allowance  (6  2/3  percent 
per  year)  because  they  can  be  base<  on  the  useful  life  of  the 
equipment.  Both  methods,  howeve  *,  add  to  indirect  costs,  and 
neither  :can  be  used  for  equipment  purchased  with  federal  funds* 
7.  That  universities  seek  better  ways  tc  facilitate  the  trans- 
fer of  research  equipment  from  investigators  or  laboratories  that 
no  longer  need  it  to  those  that  could  use  it*  Faculty  at  most 
schools  have  no  incentive  to  transfer  equipment,  excepting  the 
need  for  space,  and  every  incentive  to  keep  it  in  case  it  might  be 
needed  again.  Some  systematic  mechanism  for  keeping  faculty 
well  informed  of  needs  and  availability  of  equipment  would  be 
useful. 


Debt  Financing  of  Research  Equipment 

Universities  tra^ionally  have  used  tax-exempt  debt  financing 
to  pay  for  major  ie    .ties  and  lately  have  been  using  the  method 
to  some  extent  to  !  ,  .esearch  equipment.  A  number  of  financing 
methods  can  be  adapted  to  the  special  characteristics  of  such 
equipment*  but  whatever  the  method,  such  financing  competes 
with  other  university  needs  for  debt.  Debt  financing  imposes  risk 
on  the  university  as  a  whole,  and  so  implies  a  shift  from  decen- 
tralized toward  centralized  authority. 

We  recommend... 

1  •  That  universities  explore  greater  use  of  debt  financing  as  a 
means  of  acquiring  research  equipment,  but  with  careful  regard 
for  the  long-term  consequences.  Universities  vary  widely  in  their 
use  of  debt  financing,  but  a  universal  concern  is  the  need  for  a 
reliable  stream-cf  income  to  make  the  debt  payments.  It  should 
also  be  recognized  that  the  nece  ary  commitment  of  institutional 
resources,  regardless  of  the  purpose  of  the.  debt  financing,  erodes 
the  university's  control  of  its  future,  in  part  by  reducing  the  flexi- 
bility to  pursue  promising  new  opportunities  as  they  arise.  Debt 
financing  also  increases  the  overall  cost  of  research  equipment  to 
both  universities  and  sponsors  of  research. 

2.  That  universities  that  have  not  done  so  develop  expertise 
on  leasing  and  debt  financing  of  equipment.  This  expertise  should 
include  the  ability  to  determine  and  communicate  the  true  costs 
of  debt  financing  and  should  be  readily  accessible  to  research 
administrators  and  principal  investigators.  The  increasing 
complexity  of  tax-exempt  debt  financing,  the  many  participants, 
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the  necessary  legal  opinions,  and  the  various  political  and/or 
corporate  entities  associated  with  debt  financing  make  it 
essential  that  universities  fully  understand  the  marketplace. 

Private  Support 

The  effects  of  the  Economic  Recovery  Tax  Act  (ERTA)  of 
1981  on  corporate  spending  on  R&D  and  corporate  contributions 
of  research  equipment  touniversities  are  not  clear,  for  several 
reasons:  the  act  has  been  in  effect  only  since  August  19U,  its 
effects  are  entangled  with  other  economic  variables  in  a  complex 
manner,  and  the  uncertain  future  of  the  R&D  tax  credit,  which  is 
scheduled  to  expire* at  the  end  of  1985,  may  have  skewed  corpo- 
rate response  to  it  (the  equipment  donation  provision  is  perma- 
nent). Nevertheless,  the  consensus  appeals  to  be  that  ERTA, 
suitably  modified,  should  indeed  spur  technology,  in  part  by 
fostering  support  for  academic  research  and  scientific  equip- 
ment. We  agree  with  this  view. 

We  recommend... 

1  •  That  industry  take  greater  advantage  of  the  tax  benefits 
provided  by  the  Economic  Recovery  Tax  Act  (ERTA}  of  1981  for 
companies  that  donate  research  equipment  to  universities  and 
fund  academic  research.  Universities1  experiences  with  industry 
indicate  that  company  officials  may  not  be  felly  aware  ot  the 
benefits  available,  although  company  tax  specialists  generally  are 
well  informed. 

2.  That  universities  seek  donations  of  research  equipment 
more  aggressively  by  developing  strategies  that  rely  in  part  on  the 
tax  benefits  available  to  donors.  Sound  strategies  would  stress 
both  federal  and  state  tax  benefits  as  well  as  other  important 
benefits  to  both  donor  and  recipient. 

3.  That  Congress  modify  ERTA  so  that— 

...equipment  qualified  for  the  charitable  donation  deduction 
include  computer  software,  equipment  maintenance  contracts  and 
spare  parts,  equipment  in  which "~  *  cost  of  parts  not  made  by  the 
donor  exceeds  50  percent  of  the  donor's  costs  in  the  equipment, 
and  used  equipment  that  is  less  than  three  years  old.  Computers 
are  properly  viewed  as  computing  systems,  which  are  incomplete 
without  software.  Maintenance  of  scientific  equipment  is  costly 
to  the  point  where  universities  have  declined  donations  of  equip- 
ment because  they  could  not  afford  to  maintain  it.  Makers  of 
sophisticated  equipment  rely  primarily  on  their  technological 
knowledge,  not  their  ability  to  make  parts.  Thus  the  limi'  on 
parts  from  outside  jppliers  is  unrealistic,  provided  that  '.he 
manufacturer  is  in  fact  in  the  business  of  developing  and  making 
scientific  equipment.  * 
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•••the  provisions  on  the  RJcD  tax  credit  are  made  permanent, 
with  revision  to  create  an  additional  incentive  for  companies  to 
support  basic  research  in  universities*  Equipment  acquired  under 
research  contracts  qualifies  for  the  credit,  but  ERTA  currently 
provides  the  same  incentive  for  companies  to  contract  for  re- 
search in  academe  as  for  research  by  other  qualified  organizations. 

•••the  socicl  and  behavioral  sciences  are  made  qualified  fields 
of  academic  research  in  terms  of  the  equipment  donation  deduc- 
tion and  the  R&D  tax  credit.  The  social  and  behavioral  sciences 
contribute  to  the  application  and  utilization  of  science  and  tech- 
nology, and  they  rely  increasingly  on  research  instrumentation. 

...qualified  recipients  of  equipment  donations  and  R&D 
funding,  in  terms  of  ERTA  tax  credits,  include  research 
foundations  that  are  affiliated  with  universities  but  remain 
separate  entities.  Some  state  universities  have  established  such 
foundations  to  receive  and  dispose  of  donated  equipment  because 
they  cannot  dispose  of  it  themselves  without  legislative  consent. 

These  actions,  we  are  convinced,  would  yield  material  benefits 
in  the  acquisition  and  management  of  research  equipment  by  uni- 
versities. The  rationale  for  them  here  is  necessarily  brief.  Much 
fuller  background  will  be  found  in  the  five  chapters  of  the  full 
report,  where  these  recommendations  also  appear. 
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Academic  Research  Equipment: 
The  Federal  Role 


BACKGROUND  AND  TRENDS 

The  federal  government  has  been  Ihe  major  funder  of  research 
and  development  and  the  associated  equipment  in  U.S.  universities 
during  the  four  decades  following  World  War  II.  The  government 
has  always  recognized  the  utility  of  science  and  technology,  b  jt, 
except  for  agricuL  Tal  research,  funded  relatively  little  research 
in  universities  before  1940.*  The  massive  postwar  commitment 
sprang  from  the  success  o£  science  in  the  war  effort  and  its  conse- 
quent promise  for  the  well-being  of  the  nation  in  peacetime. 
Federal  funding  of  academic  research  drew  further  impetus  from 
the  launching  of  Sputnik  I,  the  first  earth-orbiting  satellite,  by 
the  Soviet  Union  in  October  1957.  The  federal  commitment  is  by 
now  well  established,  although  the  rate  of  increase  of  funding 
declined  sharply  after  the  late  1960s. 

The  government  supports  the  acquisition  and  operation  of 
research  equipment  in  universities  in  a  number  of  ways.  These 
support  mechanisms  are  implemented  by  federal  regulations  and 
agency  guidelines  designed  to  ensure  accountability  for  the  public 
funds  expended  and  proper  use  of  equipment.  The  regulations  are 
administered  by  the  sponsoring  agencies  and  the  universities.  Tne 
universities1  compliance  with  the  regulations  is  monitored  by  the 
Audit  Agency  of  the  Department  of  Health  and  Human  Services, 
which  handles  about  95  percent  of  all  colleges  and  universities, 
and  the  Defense  Contract  Audit  Agency  in  the  Department  of 
Defense.  The  regulatory  structure  in  some  measure  inhibits  the 
universities1  freedom  of  action,  but  the  importance  of  federal 
funds  to  research  and  graduate  education  causes  both  partners  to 
search  for  accommodations. 
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Funding  Trends 

Federal  f  unding  of  academic  research  and  development  is  the 
best  available  indicator  of  trends  in  federal  funding  of  academic 
research  equipment  (trend  data  specific  to  equipment  do  not 
exist).  In  constant  1972  dollars,  federal  funding  grew  at  an  aver- 
age annual  rate  of  15.7  percent  during  1953-196/ and  1.6  percent 
during  1968-1983  (Figure  1  and  Appendix  A).  Federal  funding  in 
current  dollars  was  j&.96  billion  in  1983,  when  it  comprised  6* 
percent  of  total  spending  for  academic  R&D  (Figure  2)x  state  and 
local  governments  accounted  for  7  percent,  industry  for  5  per- 
cent, the  universities  themselves  for  16  percent,  and  all  other 
sources  for  8  percent. 

Recent  data  on  research  equipment  alone  show  a  similar  pat- 
tern. The  federal  government  accounted  for  65  percent  of  total 
spending  for  academic  research  equipment  in  1982  and  63  percent 
in  1983.  Nonfederal  sources  of  funding  increased  by  14.5  percent 
between  1982  and  1983,  while  federal  funding  of  academic 
research  equipment  grew  by  only  2A  percent  (Appendix  B). 

A  significant  source  of  research  equipment  was  the  building 
boom  of  the  1960s  in  academic  R&D  facilities.  The  institutions 
had  been  expanding  since  the  early  1950s  in  response  to  a  national 
need  to  cope  with  the  postwar  growth  in  enrollments.  The  launch- 
ing of  Sputnik  led  the  federal  government  to  invest  heavily  in 
expanding  their  capacity  for  graduate  education  and  research  in 
the  sciences  and  engineering.  The  boom  tapered  off  in  the  late 
1960s.  Spending  on  academic  R&D  facilities  and  equipment, 
currently  about  £1  billion  per  year,  has  been  relatively  flat  since 
1968  in  current  dollars  and,  in  constant  dollars,  declined  78 
percent  during  1966-1983  (Figure  3).  The  federal  share  ol  the 
total,  meanwhile,  declined  from  32  percent  in  1966-1968  to  12 
percent  in  1983*  Federal  obligations  for  academic  R&D  plant 
have  been  relatively  flat  since  1973  in  current  dollars,  averaging 
about  $38  million  per  year  (Figure      in  constant  dollars  the 
obligations  fell  93  percent  during  1966-1983  and  6*  percent  during 
1973-1983. 


The  Equipment  Problem 

The  trends  of  the  past  15  years  or  so  in  federal  funding  of 
academic  R&D  and  facilities  are  significant  elements  of  the 
universities'  serious  problem  with  research  equipment.  The  prob- 
lem is  usually  stated  as  a  shortage  of  state-of-the-art  equipment, 
but  the  costs  of  operation  and  maintenance  are  serious  difficulties 
as  well. 


53-277  0  -  86  -  16 
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FIGURE  1 

Federal  R&D  Expenditures  at  Universities  and  Colleges 
Fiscal  Years  1953-1983 
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SOURCE:  Appendix  A. 


ERLC 


482 


477 


FIGURE  2 

Percentage  of  Total  R&D  Expenditures  at  Universities 
and  Colleges  by  Source 


SOURCE:  Appendix  A. 
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FIGURE  3 

Capital  Expenditures  for  Academic  Scientific  and  Engineering  Facilities 
and  Equipment  for  Research,  Development,  and  Instruction 
Fiscal  Years  1964-1983 
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FIGURE  4 
Federal  Obligations  for  R&D  Plant  to 
Universities  and  Colleges 
Fiscal  Years  1963-1985 
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SOURCE.  Division  of  Science  Resources  Studies,  National  Science  Foundation. 
NOTE:  Figures  for  1984  and  1985  are  estimates  * 
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The  situation  has  been  examined  in  studies  that  date  back  to 
1971.2"8   These  studies  give  only  crude  estimates  of  the  cost  of 
updating  academic  research  equipment  nationwide,  but  the 
reality  of  the  problem  is  not  in  question.  According  to  the 
National  Science  Foundation  (NSF)  National  Survey  of  Academic 
Research  Instruments,  72  percent  of  department  heads  reported  in 
1982-1983  that  lack  of  equipment  was  preventing  critical  experi- 
ments. NSF  grantees  in  a  second  study  were  asked  to  rank  six 
factors  for  importance  in  spending  university  money  to  improve 
research.  ®  They  ranked  instrumentation  first  more  often  than 
any  other  factor  and  facilities  second.  The  other  factors  were 
numbers  of  positions  .and  pay  for  faculty  and  for  graduate  students. 

The  remarkable  power  of  modern  scientific  instruments,  ironi- 
cally, is  part  of  the  problem— as  equipment  has  grown  steadily 
more  sophisticated,  its  cost  has  outrun  the  overall  rate  of  infla- 
tion. The  most  powerful  versions  of  some  kinds  of  equipment, 
moreover,  now  cost  so  much  that  the  government  funds  them  only 
for  use  in  national  or  regional  facilities  as  opposed  to  exclusive 
use  by  one  university  or  one  investigator.  The  trend  is  evident  in 
a  major  industrial  laboratory's  comparison  of  the  cost  of  sustain- 
ing state  of  the  art  in  equipment  in  1975  and  1981 .     The  study 
was  based  on  126  items  of  equipment  worth  some  $13.5  million  in 
1981.  Costs  were  found  to  have  climbed  16.*  percent  per  year 
during  1975-1981}  the  consumer  price  index  during  the  same  period 
rose  9.9  percent  per  year. 


Start-Up  Costs 

The  rapid  evolution  of  equipment  in  power  and  cost  has 
especially  affected  start-up  costs  for  faculty  investigators.  A 
midwestern  university,  for  example,  equipped  two  new  investi- 
gators with  comparable  experience  and  interests  in  chemistry,  one 
in  1970  and  one  in  1979.12  The  investigator  equipped  in  1970 
needed  dedicated  equipment  costing  $8,000  and  access  to  depart- 
mental equipment  costing  $1 16,500.  For  the  investigator  equipped 
in  1979,  these  figures.had  climbed  to  3*3,850  and  $7*1,000,  equiv- 
alent to  an  annual  increase  of  22  percent  for  laboratory  instru- 
ments and  23  percent  for  departmental  instruments.  Without  the 
costlier,  more  powerful  equipment,  however,  the  investigator 
equipped  in  1979  would  not  have  realized  his  potential  in  contrib- 
uting to  his  field  of  research. 

The  experience  was  typical  of  the  1970s,  and  the  costs  have 
continued  to  rise  in  the  1980s.  Chemistry  and  other  fields  where 
investigators  traditionally  work  with  personal,  bench-top  equip- 
ment have  become  capital  intensive.  The  cost  of  equipment  and 
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facilities  needed  for  a  new  faculty  member  today  may  easily 
surpass  the  size  of  the  endowment  needed  to  pay  his  salary  J  3 

People  Versus  Equipment  ™ 

During  this  period  of  rising  costs  for  research  equipment,  fed- 
eral funding  agencies  have  displayed  growing  reluctance  to  pay 
for  it  at  the  expense  of  the  operating  costs  of  research.  The  usual 
preference  is  to  fund»people  at  the  expense  of  equipment.  The 
fraction  of  research-project  support  allocated  to  permanent  lab- 
oratory equipment  by  the  National  Institutes  of  Health  (NIH) 
declined  from  11.7  percent  in  1966  to  an  estimated  3A  percent  in 
1985.  At  NSF,  the  fraction  fell  from  11.2  percent  in  1966  to  an 
average  of  7.1. percent, during  1969-1976.  During  the  past  few 
years^  however,  the  agencies  have  been  paying  more  attention  to 
equipment  (see  below).  NSF  support,  for  example,  is  expected  to 
rise  to  an  estimated  17.5  percent  of  total  research-project 
support  for  fiscal  year  1985. 


Federal  funds  for  academic  research  equipment  for  some  years 
have  largely  been  built  into  the  support  for  the  work  in  which  the 
equipment  is  to  be  used.  An  investigator's  research  proposal,  for 
example,  r  ,ay  request  funds  for  new  equipment  needed  as  well  as 
for  the  research  itself.  Several  agencies  recently  have  started 
direct  funding  programs  specifically  for  equipment  in  response  to 
the  universities1  growing  problem  with  it.  Nevertheless,  the 
diverse  array  of  traditional  funding  mechanisms  remains  the 
leading  source  of  federal  support  for  academic  research  equip- 
ment. These  mechanisms  have  contributed  immensely  to  the 
strength  of  U.S.  science.  Some  of  their  characteristics,  and  the 
associated  regulations,  however,  tend  to  complicate  the  acqui- 
sition, operation,  and  maintenance  of  equipment.  ^ 


Almost  half  of  federal  support  for  research  in  universities 
comprises  grants  or  contracts  for  individual  research  projects  to 
be  conducted  by  one  or  a  few  investigators.  Awards  are  made  on 
the  basis  of  proposals  submitted  by  investigators  and  evaluated  as 
a  rule  by  scientific  and  technical  review.  Proposals  are  judged 
comparatively  as  well  as  on  their  own  merits.  This  competitive 
approach  is  designed  tc  ensure  that  the  available  funds  support 
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the  most  worthy  research.  Currently,  a  proposal  has  a  30  to  50 
percent  chance  of  succeeding.* 

Research-project  grants  and  contracts  are  awarded  to  the 
investigator's  university.  The  term  is  rarely  more  than  three 
years,  and  the  amount  rarely  exceeds  $200,000  per  year.  Project 
grants  awarded  by  NIH  in  1985,  for  example,  averaged  $133,000; 
at  NSF  they 'averaged  about  $94,000  (Figure  5).  The  amounts  of 
the  awards  generally  have  kept  up  with  inflation,  but  research 
itself  has  become  more  capital  intensive,  and  that  capital  expense 
is  often  reflected  in  university  investment  in  equipment  and 
facilities.^  * 

The  strengths  and  weaknesses  of  the  research-project  system 
have  been  studied  at  length.1*  The  size  of  the  awards,  for 
example,  permits  many  investigators  to  be  supported  and  many 
agencies  to  fund  research  of  interest  to  them.  On  the  other  hand, 
the  number  and  relatively  short  terms  of  awards  create  a  heavy 
administrative  task  for  agencies,  universities,  and  researchers. 
Active  scientists  may  need  three  or  four  grants  to  support  their 
programs  and  so  devote  much  time  to  competing  for  funds  from 
federal  and  other  sources. 

As  the  costs  of  equipment  have  outpaced  inflation,  project 
awards  increasingly  have  accommodated  equipment  of  only  modest 
cost.  Funds  generally  cannot  be  carried  forward  or  backward 
between  grant  years  to  acquire  equipment  too  costly  to  buy  from 
one  year's  funds.  Further,  individual  scientists  have  difficulty 
combining  funds  from  more  than  one  award  to  acquire  equipment; 
similarly,  several  scientists  usuaiiy  find  it  difficult  to  pool  funds 
from  their  awards  for  equipment  to  be  shared.  Also,  the  rising 
costs  of  equipment  have  led  agencies  to  increase  their  require- 
ments for  matching  funds  from  universities  (see  further  discussion 
in  regulatory  section  below). 

A  Major  Barrier* 

The  mismatch  between  the  size  of  individual  research  grarts 
and  the  costs  of  much  research  equipment  would  be  eased  sig- 
nificantly by  permitting  equipment  to  be  purchased  in  the  initial 
grant-year  with  payment  spread  over  the  subsequent  two  to  four 
years  as  a  direct  charge.  The  lack  of  such  a  systematic  approach 


*In  1975,  NIH  received  i2,160  grant  applications;  46  percent  were 
actually  funded.  In  1983,  applications  totaled  19,154,  of  which 
only  33  percent  .were  funded. 
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FIGURE  5 
Average  Project  Grant  Size 
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to  acquiring  equipment  is  a  major  barrier  to  acquisition.  Our  con- 
\  ersations  with  chief  business  officers  of  universities  revealed 
that  most  would  be  willing  to  finance  or  arrange  for  financing  of 
research  equipment  if  repayment^  including  interest,  could  be 
charged  directly  to  grants  over  several  years. 

The  indirect  cost  mechanism  is  not  satisfactory  to  encourage 
equipment  acquisition,  because  indirect  costs  are  seldom  fully 
recovered.  Additionally,  rising  indirect  cost  rates  are  being 
attacked  by  the  government,  the  Congress,  and  university  faculty 
members.  Increased  indirect  cost  rates,  even  for  equipment 
purchases,  receive  little  understanding  or  support. 

This  dilemma  leaves  many  investigators  searching  for  ways  to 
acquire  equipment  directly  that  entail  "reasonable11  financing 
costs.  Some  such  mechanisms  are  described  in  Chapter  4. 

Experiments  with  Grants 

A  full  critique  of  the  research-project  system  is  beyond  the 
scope  cf  this  report.  We  note,  however,  that  the  flaws  in  the 
system  affect  not  only  equipment.  The  administrative  burden  was 
cited  above.  More  broadly,  the  emphasis  on  discrete  tasks  of 
relatively  short  duration  restricts  the  flexibility  of  universities 
and  their  scientists  in  handling  funds  and  pursuing  research  in 
terms  of  long-range,  coherent  programs.  Federal  agencies  are 
struggling  with  such  problems.  NIH  is  experimenting  with  grants 
of  five  years  or  more.'^  Such  grants  were  common  at  one  time, 
but  maximum  award  periods  gradually  shrank  to  the  now-common 
three  years  during  the  1970s.  One  of  the  new  NIH  experimental 
programs,  the  Outstanding  Investigator  Grant  of  the  National 
Cancer  Institute,  is  a  seven-year  award  that  will  permit  funds  to 
be  carried  over  from  one  year  to  the  next. 


Research  programs  funded  by  federal  agencies  involve  broad, 
coherent  areas  of  investigation  and  more  than  one  investigator. 
Annual  support  generally  exceeds  3200,000.  One  example  of  a 
research  program  is  a  Department  of  Energy  (DOE)  grant  to  a 
university  for  research  by  a  group  of  investigators  in  high-energy 
particle  physics.  Although  research  programs  are  larger  than 
individual  projects,  the  strengths  and  weaknesses  of  the  two 
mechanisms  are  similar. 
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Research  Centers 

Federal  agencies  also  support  research  centers— acad^nic 
organizations  that  work  in  broad  fields  of  research  of  interest  to 
the  university  and  the  sponsoring  agency.  Examples  include  the 
NIH  Categorical  Disease  Centers  and  the  NSF  Materials  Research 
Laboratories.  Research  centers  receive  block  (core)  funding,  as 
contrasted  with  individual  project  funding.  Management  of  the 
center  and  coordination  of  specific  research  projects  into  a  coher- 
ent program  are  delegated  to  the  university.  Proposals  for  specif- 
ic research  projects  must  be  approved  there,  but  may  or  may  not 
be  reviewed  and  approved  individually  by  the  sponsoring  agency. 

Our  study  team  visited  four  of  the  14  Materials  Research 
Laboratories  (MRLs)  supported  by  NSF.  The  MRLs  receive  five- 
year  block  grants  that  support  multi-investigator  research  on 
materials  as  well  as  central  facilities  with  equipment  costing  in 
the  range  of  $100,000  to  $1  million.  Block  funding  unquestionably 
eases  equipment  problems;  the  scientists  we  spoke  with  con- 
sidered themselves  relatively  well  equipped  in  relation  to 
colleagues  at  many  other  universities. 

A  thorough  study  of  materials  research  conducted  at  MRLs 
and  at  other  universities  with  project-grant  support  was  com- 
pleted in  1978.16  The  results  showed  in  part  that  the  MRL 
core-grant  mechanism  was  more  efficient  than  project-grant 
funding  in  terms  of  time  and  money  expended  by  NSF  and  the 
university  in  administering  grants.  The  MRLs  also  were  found  to 
be  scientifically  effective.  In  terms  of  both  efficiency  and 
quality  of  research,  however,  core  funding  was  rtot  found  to  be 
clearly  superior  to  other  funding  mechanisms  examined.  The 
results  did  suggest  that  different  funding  mechanisms  lead  to 
different  ways  of  doing  research  and  produce  different  kinds  of 
science.** 

NSF  currently  is  starting  a  major  new  program  of  block- 
funded,  multidisciplinary  engineering  research  centers  at 
universities. * 7  The  invitation  to  submit  proposals  drew  142 
responses  involving  3,000  investigators  at  107  universities.  One  of 
the  attractions  of  the  program  is  the  opportunity  to  obtain 
state-of-the-art  equipment.  Eight  universities  have  been  selected 
to  start  six  of  the  centers  in  1985.  The  six  will  receive  $94.5 
million  from  NSF  over  the  next  five  years  and  are  expected  to 
attract  additional  funds  from  industry.  As  many  as  20  of  the 
centers  may  be  established  eventually.  NSF  plans  also  to  spend 
$200  million  over  the  next  five  years  to  set  up  supercomputer 
research  centers  at  the  University  of  California  at  San  Diego,  the 
University  of  Illinois  at  Urbana-Champaign,  Cornell  University, 
and  the  John  Von  Neumann  Center  near  Princeton.*** 
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Large  Facilities 


Federal  agencies  support  a  number  of  national  and  regional 
facilities  based  a*,  equipment  deemed  too  costly  to  be  dedicated 
to  use  at  one  university*  These  large  facilities,  like  research 
centers,  receive  block  funding.  They  are  designed  to  give  aca- 
demic scientists,  on  a  national  or  regional  basis,  access  to  instru- 
ments that  would  not  otherwise  be  available  to  them.  Examples 
include  the  Stanford  Synchrotron  Radiation  Laboratory  (SSRL) 
supported  by  DOE  and  the  regional  instrumentation  centers  sup- 
ported by  NSF. 

Large  facilities  serving  many  users  predictably  face  problems 
peculiar  to  *A~ct  mode  of  operation  (see  discussion  of  National  and 
Regional  Facilities  in  Chapter  3).  For  example,  instruments  com- 
mited  to  a  broad  range  of  users  cannot  also  be  modified  to  meet 
highly  specialized  needs.  Large  centers  can  provide  only  limiteu 
access  to  the  instrumentation,  causing  delays  in  research.  Costs 
of  travel  and  lodging  are  rising  sharply,  and  centers  are  some- 
times geographically  isolated  from  universities.  At  national 
facilities,  with  equipment  costing  millions  of  dollars,  the  only 
realistic  option  is  to  find  ways  to  minimize  the  problems.  The 
cost  of  equipment  at  regional  facilities,  on  the  other  hand,  may 
not  absolutely  bar  providing  it  for  one  university,  providing  that 
the  equipment  is  utilized  fully  and  effectively.  Resolution  of  such 
issues  requires  an  evaluation  of  costs  versus  scientific  effective- 
ness, such  as  the  study  of  the  NSF  Materials  Research  Labora- 
tories cited  above. 


Federal  agencies  provide  general  research  support  to  univer- 
sities to  strengthen  their  research  capabilities  or  for  work  in  a 
specified  subject  area.  The  recHent  has  considerable  discretion 
in  the  use  of  the  funds.  Such  suf^rt  is  provided  today  only  by  the 
U.S.  Department  of  Agriculture  (USDA),  through  funding  of  Agri- 
cultural Experiment  Stations  under  the  Hatch  Act  and  related 
programs,  and  by  NIH  in  its  Biomedical  Research  Suppor  t  Grants. 
The  experiment  stations  are  attached  to  land-grant  universities 
and  have  a  relatively  free  hand  in  deciding  the  specific  research 
to  be  undertaken  so  long  as  it  is  agricultural  research. 

The  NIH  Biomedical  Research  Support  Grant  (BRSG)  provides 
institutional  support  based  on  NIH-funded  research  at  the  univer- 
sity. The  grant  is  thus  indrectly  subject  to  scientific  and  tech- 
nical review.  The  funding  ceiling  for  the  BRSG  program  is  set  by 
statute  at  15  percent  of  total  NIH  appropriations  for  research 
grants.  The  percentage  actually  awarded  declined  from  an 
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average  of  almost  8  percent  in  the  late  1960s  to  1.5  percent  in 
fiscal  year  1984.  BRSG  awards  totaled  $47.4  million  in  1984  and 
were  distributed  among  546  institutions. 

We  found  that  BRSG  awards  are  highly  regarded  in  academe 
because  of  the  local  discretion  permitted  in  the  use  of  the  funds. 
Research  equipment  benefits  markedly  from  these  awards.  A 
repent  assessment  shows'that  25  percent  of  the  BRSG  funds  spent 
at  nine  universities  in  i979-1980  contributed  to  the  purchase  or 
maintenance  of  central  research  facilities  including  equipment.  9 
In  fiscal  year  1982,  BRSG  awards  totaling  about  $44  million  were 
distributed  among  516  institutions;  of  the  total,  $6.4  million,  or 
14.5  percent,  was  spent  by  universities  on  shared  equipment  or 
instruments. 

NSF  had  a  similar  program  from  1961  to  1974.  The  Institu- 
tional Grants  for  Science  were  based  on  all  federal  support  for 
scientific  research  received  by  a  university  except  support  from 
the  Public  Health  Service  (mainly  NIH).  Obligations  for  these 
grants  peaked  at  $15.2  million  in  15o7.  During  the  14-year  life  of 
the  program,  more  than  50  percent  of  the  funds  awarded  was  used 
to  buy  instrumentation.*20 


Special  Equipment  Programs 

Four  federal  agencies  in  recent  years  have  been  supporting 
special  programs  that  provide  academic  research  equipment 
separately  from  the  normal  research  funding  mechanisms.  The 
Department  of  Defense  (DOD)  has  a  five-year  program  scheduled 
to  run  through  1987;  DOE  has  a  five-year  program  projected  to 
run  through  1988.  NIH  and  NSF  have  programs  with  no  fixed 
expiration  dates.  The  four  agencies'  programs  are  designed  to 
respond  to  competitive  proposals.  They  vary,  however,  in  charac- 
teristics and  requirements;  detailed  descriptions  are  given  in 
Appendix  C. 

The  magnitude  of  the  universities'  equipment  problem  is  sug- 
gested by  experience  with  the  DOD  program,  which  is  funded  at 
$30  million  per  year.  For  the  first  year  of  the  program,  fiscal 
year  1983,  the  agency  received  2,500  proposals  for  instrumenta- 


*In  the  same  period,  NSF  had  two  other  general  support  pro- 
grams—the University  Science  Development  Program  and  the 
Departmental  Science  Development  Program.  Both  were  designed 
to  expand  capacity;  they  were  eliminated  in  the  early  1970s  when 
that  task  was  judged  to  be  completed. 
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tion  valued  at  a  total  of  $645  million.  Two  hundred  proposals 
were  funded.  In  Phase  2  (fiscal  year  1984-1985)  DOD  received 
1,870  proposals,  totaling  3370.1  million,  and  made  452  awards  to 
147  institutions. 

An  important  characteristic  of  these  special  equipment  pro- 
grams is.  that  generally  they  do  not  pay  full  costs  (see  Appendix 
C).  Renovation  of  facilities,  operation  and  maintenance,  and 
similar  necessities  are  not  covered.  Matching  funds  may  be 
required  but  sometimes  are  only  encouraged.  Matching  contri- 
butions often  cannot  include  the  costs  of  operation,  maintenance, 
and  other  elements  of  full  cost.  All  of  the  universities  we  visited 
report  that  these  excluded  costs  and  matching  requirements  are 
serious. practical  concerns  in  decisions  to  compete  for  funding 
from  the  special  equipment  programs. 

Despite  the  differences  in  the  programs,  the  agencies1  general 
approach  can  be  illustrated  by  the  DOE  design.  A  level  of  match- 
ing funds  is  not  specified,  but  matching  is  a  factor  in  evaluating 
the  applications.  DOE  will  not  pay  for  renovation  and  installa- 
tion, operation  and  maintenance,  service  contracts,  and  technical 
support.  The  matching  contribution,  however,  can  include  the 
costs  of  shipping,  installation,  and  renovation  and  modification  of 
the  space  for  the  instrument.  (In  fiscal  year  1984,  the  match  also 
could  include  the  costs  of- operation  and  maintenance,  and  we  are 
concerned.by  the  removal  of  this  provision  in  view  of  the  heavy 
costs  thus  excluded  from  matching.)  The  university  must  estimate 
the  usable  life  of  the  instrument  and  demonstrate  plans  for 
ensuring  its  continued  availabiliy  during  the  first  five  years. 


Operations  and  maintenance  are  funding  problems  not  only  in 
special  equipment  programs.  These  functions  together,  over  the 
service  of  life  of  equipment,  may  cost  more  than  the  purchase 
price.  Still,  funding  agencies  often  do  not  cover  the  costs  of 
maintenance  ano  professional  support  staff  for  research  equip- 
ment. This  situation  has  started  to  change,  however.  The 
Chemistry  Division  at  NSF,  for  example,  now  requires  a  university 
to  indicate  in  research  proposals  how  it  will  maintain  equipment. 
We  welcome  this  development  as  long  as  agencies  recognize  their 
obligation  to  meet  these  costs  as  part  of  their  support  for 
research. 

When  funding  agencies1  budgets  are  trimmed,  operating  and 
maintenance  funds  are  vulnerable.  Astronomers  at  one  university 
we  visited,  for  example,  were  given  a  computer  developed  several 
years  ago  for  image  scanning.  They  have  been  funded  by  NSF  to 
adapt  it  to  a  facility  for  automated  plate  scanning  but  anticipate 
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trouble  supporting  it  once  it  is  operational,  as  NSF  will  not  allow 
user  charges  to  the  astronomy  community.  We  learned  of  a  simi- 
lar circumstance  at  another  university  involving  a  gas-phase 
sequencer  funded  by  an  NIH  grant;  the  proposal  had  requested 
funds  for  a  supporting  technician,  but  these  were  cut  by  the 
agency. 


The  federal  excess  property  program  makes  research  (and 
other)  equipment  available  to  universities  under  certain  condi- 
tions. Equipment  made  available  through  the  excess  property 
program  is  usually  useful  to  researchers,  but  is  not  state  of  the 
art.  It  includes  items  such  as  machine  tools,  vehicles,  trailers, 
motors,  pumps,  cameras,  and  machine  parts.  These  items  reduce 
the  cost  of  performing  research  but  add  to  the  administrative 
burden  because  of  extensive  recordkeeping  requirements.2  A>zz 

The  excess  property  program  was  modified  in  1976  by  Public 
Law  94-519,  implemented  by  regulations  on  October  20,  1977.23 
Congress  purposely  placed  restraints  on  the  program  because  of 
abuses  by  many  local  governments  and  other  grantees.  Public 
Law  94-519  also  liberalized  the  surplus  property  programs  so  that 
surplus  property  became  available  to  a  wider  group  of  nonprofit 
organizations.  It  is  important  here  to  distinguish  between  excess 
property  and  surplus  property.  Excess  property  is  that  which  is  no 
longer  needed  by  the  agency  that  owns  it  and  therefore  is  offered 
by  the  General  Services  Administration  to  all  other  federal 
agencies.  If  no  agency  needs  it,  it  becomes  surplus  property. 
Now  that  a  larger  audience  has  access  to  surplus  property,  some 
universities  are  finding  items  heretofore  easily  obtained  at  state 
agencies  for  surplus  property  to  be  first  reserved  for  other 
nonprofit  entities. 

The  1977  regulations  that  implement  PL  94-519  appeared  to  be 
a  deliberate  attempt  to  discourage  agencies  from  giving  excess 
property  to  grantees.  The  discouragement  took  the  form  of 
imposing  on  the  agencies  intricate  and  unreasonable  requirements 
for  recordkeeping,  reporting,  and  other  paperwork.  One  example 
is  the  requirement  that  "all  nonfederal  screeners  shall  be  subject 
to  certification  by  federal  authority."  That  is,  a  university  re- 
searcher must  state  qualifications  to  screen  excess  property. 
Additionally,  the  researcher  must  submit  a  passport-style  photo- 
graph with  signature. 

Investigators  inquire  from  time  to  time  about  the  possibility  of 
reestablishing  the  excess  property  program  as  it  was  before  1976, 
when  excess  property  could  be  obtained  with  ease. 


Excess  Property 


490 


DOE  is  upgrading  and  enhancing  its  excess  property  program 
to  provide  used  instrumentation  from  DOE-supported  national 
laboratories  to  universities  for  use  in  energy-related  research  and 
educational  programs.  Current  DOE  funding  is  not  a  prerequisite. 
Lists  of  excess  equipment  are  available  at  designated  DOE  sites 
and  are  published  monthly  by  the  Government  Printing  Office. 

Generally  smaller  instruments,  such  as  microscopes,  oscillo- 
scopes, spectrometers,  and  chromatographs  are  made  available  on 
a  first-come  basis.  Universities  with  DOE  research  grants  may 
also  gain  access  to  the  list  of  eligible  equipment  through  DOE- 
RECON,  an  interactive,  computer-based  system  managed  by  the 
agencyfs  Office  of  Scientific  and  Technical  Information  at  Oak 
Ridge,  Tennessee.  For  other  investigators,  the  data  base  is  being 
put  on  a  microcomputer  for  access  by  terminal  and  modem  via 
telephone  in  a  pilot  program  scheduled  for  operation  in  1985. 

Federally  Subsidized  Loans 

Four  programs  are  authorized  under  the  Higher  Education  Act 
of  1965  (PL  89-329)  to  provide  loans  or  interest  subsidy  grants  on 
loans  from  nonfederal  sources.  They  would  reduce  borrowing 
costs  to  universities  for  the  construction,  reconstruction,  or 
renovation  of  academic  facilities,  which  could  include  research 
equipment.  The  loan  programs  are  unfunded,  however,  and  the 
interest  subsidy  program  is  funded  only  to  pay  interest  subsidies 
on  prior  loans.  No  equipment-specific  federal  loan  program  is 
currently  authorized. 

We  analyzed  the  potential  usefulness  of  a  loan  subsidy  program 
by  developing  hypothetical  models  and  comparing  costs  (see 
Appendix  D).  We  looked  at  three  alternatives:  loan  guarantee, 
loan  guarantee  with  interest  subsidy,  and  direct  loan  with  low 
interest.  The  loan  guarantee  appears  to  have  no  particular 
advantage.  Of  the  two  remaining  alternatives,  the  direct,  low- 
interest  loan  would  be  cheapest,  given  favorable  rates  of  inter- 
est. We  have  not  assessed  the  potential  effects  of  the  loan 
programs  hypothesized  in  Appendix  D  on  the  overall  distribution 
of  public  funds  for  academic  research  and  research  equipment. 
One  question  that  would  warrant  attention  is  whether  such  pro- 
grams would  encourage  expansion  of  the  nation's  total  research 
capacity,  as  opposed  to  upgrading  or  replacing  equipment  already 
in  place  in  research  institutions.  A  broader  issue  would  be  the 
effectiveness  of  loan  programs,  in  terms  of  both  economic  and 
scientific  efficiency,  relative  to  other  federal  options  for  funding 
academic  research  equipment. 
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FEDERAL  REGULATORY  ISSUES 


Federal  regulations  play  an  important  role  in  the  acquisition, 
management,  and  use  of  equipment  for  federally  supported 
research  at  universities.  Sometimes  they  create  barriers  to 
acquisition,  complicate  management,  and  may  discourage  appro- 
priate use  of  research  equipn.ent.  Because  regulations  that  deal 
with  research  equipment  are  designed  to  control,  rather  than 
facilitate,  its  acquisition,  management,  and  use,  they  hamper 
innovative  approaches  to  more  effective  use  of  existing  resources. 
More  precisely,  federal  regulations  are  usually  framedln  language 
that  permits  both  universities  and  the  government  to  accommo- 
date individual  circumstances.  It  is  the  application  or  interpreta- 
tion of  the  rules  that  appears  in  most  instances  to  create  barriers. 

The  most  critical  barriers  are  barriers  to  cost  recovery,  since 
these  are  the  ones  most  likely  to  influence  the  acquisition  deci- 
sion. Our  approach  to  identifying  barriers  began  with  a  regulatory 
inventory  in  each  area  of  acquisition,  management,  and  use.  It 
also  entailed  a  careful  assessment  of  whether  the  actual  rule  or 
its  various  interpretations  were  creating  barriers. 


For  grants,  the  principal  government  wide  rules  controlling  the 
acquisition,  management,  and  use  of  federally  supported  research 
equipment  are  contained  in  two  Office  of  Management  and  Budget 
(OMB)  circulars:  OMB  Circular  A-21  (Principles  for  Determining 
Costs  Applicable  to  Grants,  Contracts,  and  Other  Agreements 
with  Educational  Institutions)  and  OMB  Circular  A-I 10  (Uniform 
Administrative  Requirements,  Grants,  and  Agreements  with 
Insthutions  of  Higher  Education). 

These  circulars  are  often  supplemented  by  agency  issuances, 
but  those  issuances  are  not  supposed  to  be  more  restrictive  than 
the  OMB  circulars.  OMB  Circular  A-21  states,  "Agencies  are  not 
expected  to  place  additional  restrictions  on  individual  items  of 
cost."  OMB  Circular  A-110  says,  "the  standards  promulgated  by 
this  Circular  are  applicable  to  all  Federal  agencies...exceptions 
from  the  requirements  of  the  Circular  will  be  permitted  only  in 
unusual  cases*  Agencies  may  apply  more  restrictive  requirements 
to  a  class  of  recipients  when  approved  by  the  Office  of  Manage- 
rs jnt  and  Budget."  Agency  supplements,  however,  are  not  always 
consistent  with  OMB  guidance.  Between  the  foregoing  principles 
and  their  application  in  individual  circumstances,  a  wide  gap  often 
exists. 
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For  contracts,  the  Federal  Acquisition  Regulation  (FAR)  and 
OMB  Circular  A-21  are  the  principal  governmentwide  rules  con- 
trolling the  acquisition,  management,  and  use  of  federally  sup- 
ported research  equipment.  The  basic  FAR  is  further  supple- 
mented by  agency  issuances.  The  Department  of  Energy,  for 
example,  supplements  the  FAR  by  its  Department  of  Energy 
Acquisition  Regulations  (DEAR).  The  Department  of  Defense 
does  the  same  with  the  Defense  Federal  Acquisition  Regulation 
Supplement  (DFARS),  and  so  on.  All  of  this  follows  principally 
from  the  basic  grants  statute,  the  Federal  Grant  and  Cooperative 
Agreement  Act  (PL  95-22*)  and  three  procurement  statutes.2^ 
Only  specific  parts  of  each  of  these  circulars  and/or  grant  or  pro- 
curement rules  are  concerned  with  the  acquisition,  management, 
and  use  of  research  instrumentation. 

Table  1  shows  the  principal  contract  rules  that  affect  research 
equipment.  Table  2  shows  the  principal  grant  rules  that  affect 
research  equipment.  An  inventory  was  necessary  because  when- 
ever instances  of  regulatory  barriers  were  raised,  it  was  essential 
to  identify  which  federal  regulations  created  them. 

Several  terms  warrant  explanation.  First,  the  terms  equip- 
ment, instrumentation,  and  personal  property  are  synonymous  as 
used  here.  Second,  equipment  or  property  is  defined  in  OMB 
Circular  A-21  [Section  J.13.a(i)]  as  a, tangible  item  having  a  use- 
ful life  of  more  than  two  years  and  an  acquisition  cost  of  $5n0  or 
more.  Third,  the  FAR  governs  procurement  by  all  federal 
agencies  and  applies  to  all  contractors. 


Barriers  to  Acquisition  and  Optimum  Management  and  Use 

The  most  troublesome  barriers  to  acquisition  and  optimum 
management  and  use  of  equipment,  as  mentioned  earlier,  are 
those  dealing  with  cost  recovery.  A  notable  example  is  the  lack 
of  a  regular  mechanism  that  permits  the  cost  of  equipment  to  be 
recovered  directly  from  research  grants  by  spreading  the  cost 
over  several  grant-years  (see  previous  discussion  under  Funding 
Mechanisms).  Other  barriers  we  identified  include  uncertainty  of 
title  to  equipment,  requirements  for  matching  funds,  restrictions 
on  combining  funds,  and  the  extensive  reporting  and  approval 
requirements  for  obtaining  equipment.  Equipment  screening  and 
inventory  requirements  were  cited  as  expensive  and  unnecessary 
paperwork  burdens. 


The  Uncertainty  Barrier 


The  uneven  application  and  inconsistent  interpretation  of  the 
rules  occura^peveral  points  in  the  system  owing  to  the  practices 


TABLE  1  Regulations  Affecting  Cost-Reimbursement  Contracts 
That  Include  Acquisition  of  Research  Equipment 


Acquisition 

Management 

Cost 

Agency 

and  Title 

and  Use 

And  R^fv^rt^ 

Cm  1  w  ixvUvl  V  J 

Principal  Regulations 

DOD/GSA/NASA  FAR 

35.014 

52.245-5  (e)-(l) 

52.24  5-5(c)(4) 

35.014(b)(4) 

¥5.302-1  (Facil- 

(Government 

Alternate  1 

52.245-5(c)(4) 

ities  only) 

Property  only) 

Alternate  1 

52.245-5(c)(4) 

Alternate  1 

52.244-2 

OMB  Circular  A-21 

3.13.0.(2)  and  3.38 

3.9.e. 

1  <)  and  1  1  7  #» 

(FAR  31.303) 

C.4.D. 

Management 

Cost 

Agency 

Acquisition 

ullU  IVvUUI  1 J 

I\CViVi  CI  Jr 

Supplemental  Agency  Regulations 

DHHS:  HHSAR 

DOD:  DFARS 

235.014 

Page  252.235-14 

Page  252.235-15 

(2  clauses) 

270.601  (ADPE) 

270.605  (ADPE) 

NSF:  NSFAR 

DOE:  DEAR 

917.7108 

917.7113  (SRC) 

917.7108-l(d) 

Article  B-IX 

917.7113  (SRC) 

945.104-70 

945.102-70 

Article  B-IX 

935.014 

945.5 

945.505-14 

952.245-5 

952.245-5 

USDA:  AGAR 

NASA:  NASA  FS 

1835.014 

1845.72 

1845.505-670  . 

1845.502-72 
1845.70 


CO 


NOTE:  FARi  Federal  Acquisition  Regulation;  HHSAR,  Health  and  Human  Services  Acquisition 
Regulation;  DFARS,  defense  Federal  Acquisition  Regulation  System;  NSFAR,  National  Science 
Foundation  Acquisition  Regulation;  DEAR,  Department  of  Energy  Acquisition  Regulation;  AGAR, 
Agriculture  Acquisition  Regulation;  NASA  FS,  National  Aeronautics  and  Space  Administration 
Acquisition  Regulation. 
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TABLE  2  Principal  Regulations  Affecting  Grants  That  Include 
Acquisition  of  Research  Equipment 


Governmentwide 

Acquisition  Management  Records  Cost 

Agency  and  Title  and  Use  and  Reports  Recovery 


OMB 

Circular  A-21  3.l3.b.(2),  3.38  3.9.e  3.9.,  3.l8.e 

and  C.4.b. 

Circular  A-l  10,  para.  5                      paras.  5  and  6  paras.  5  and  6 

Attachment  N 

Circular  A-l  10,  paras.  3.b.  and  3.c. 

Attachment  O 

Agency  Provisions  To  Implement  OMB  Circulars 

HHS:  PHS  Grants  Pages  32  and  35  tfc> 

Policy  Statement  (Addendum)  45,          Pages  48-50, 81  Pages  32,  33  JP 

48-49,  51,  81 

nOD:  AFOSRa  Page  14                     Page  15  Page  15 

Brochure 

NSF:  Grant  GPM  512.3,  515           GPM  204.2,  332,  773 

Policy  Manual  524,  772.1 

DOE/OER:0  sec.  605.17(a)(1) 

Proposed  10 

CFRC  Part  605 

USDA:  7  CFR  sec.  3015.164,             sec.  3015.I65-.I70 

Part  3015  sec.  3015.196 

NASA:  Grant  para.  408                   para.  408,  para.  sec.  1509 

and  Cooperative  508(d),  para.  509 

Agreement 

Handbook 


j|  Air  Force  Office  of  Scientific  Research. 

"  Office  of  Energy  Research. 

c  Office  of  Code  of  Federal  Regulations. 
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of  agency  program  officers,  contract/grant  officers,  and  auditors. 
Although  federal  regulations,  as  written,  almost  always  give  the 
government  and  the  universities  sufficient  latitude  to  accommo- 
date individual  circumstances,  well-meaning  government  officials 
interpret  the  regulations  in  ways  that  vary  from  region  to  region 
and  from  agency  to  agency;  These  inconsistent  interpretations 
cause  many  university  officials  to  behave  cautiously,  especially  in 
generating  innovative  debt  instruments  to  secure  costly,  short- 
lived, state-of-the-art  research  equipment.  They  already  have 
tough  decisions  to  make  on  accumulating  debt,  without  having  to 
worry  that,  sometime  in  the  future^  disallowances  may  be  sus- 
tained on  the  basis  of  circumstances  then  existing,  rather  than  on 
circumstances  at  the  time  of  acquisition.  Uncertainty  is  a 
critical  barrier. 


Cost-Recovery  Barriers 

In  addition  to  the  inability  to  recover  the  cost  of  equipment 
directly  over  several  years,  we  identified  three  regulatory  bar- 
riers to  acquisition,  and  all  deal  with  restrictions  on  cost  recov- 
ery. They  are  (I)  the  inability  to  recover  interest  on  borrowed 
funds,  (2)  the  unrealistically  low  allowance  for  equipment  use,  and 
(3)  the  prohibition  against  setting  an  optimal  price  (user  charge) 
for  equipment  use  and  replacement. 


Recovery  of  Interest  The  first  barrier  leaves  recovery  of  the  full 
cost  of  a  piece  of  equipment  uncertain.  OMB  Circular  A-21  was 
amended  in  August  1982  to  give  federal  agencies  the  discretion  to 
approve  interest  on  equipment  financing  as  an  allowable  indirect 
cost.  This  discretion  was  restricted  to  interest  on  externally  bor- 
rowed funds.  Interest  on  a  university's  own  funds  used  to  finance 
equipment  is  not  an  allowable  cost.  There  are  instances  where 
agencies  have  approved  recovery  of  interest  on  external  borrow- 
ing, but  we  found  several  cases  in  which  approval  was  denied.  A 
decision  not  to  allow  recovery  of  interest  costs  is  often  sufficient 
disincentive  to  cause  academic  decision  makers  not  to  use  debt 
financing  to  acquire  research  instruments  from  either  internal  or 
external  sources, 


Use  Allowance/Depreciation  The  second  barrier  is  the  unrealis- 
tically  low  allowance  permitted  for  federal  reimbursement  of  the 
use  of  equipment  purchased  with  nonfederal  funds.  This  allow- 
ance is  called  a  "use  allowance"  and  is  computed  at  an  annual  rate 
not  to  exceed  6  2/3  percent  of  acquisition  cfcst.  The  full  cost  is 
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thus  recoverable  in  no  less  than  i5  years,  but  the  realistic  life  of 
state-of-the-art  research  equipment  is  three  to  five  years. 
Recognizing  the  disadvantage  of  the  use  allowance  method,  some 
universities  wish  to  convert  to  a  depreciation  method  of  s.ost 
recovery.  OMB  Circular  A-21  permits  such  conversion  and 
permits  full  recovery  of  the  cost  of  an  asset,  notwithstanding  a 
universityfs  previous  decision  to  rely  on  the  use  allowance 
method.  The  Department  of  Health  uid  Human  Services  (DHHS) 
does  not  object  to  the  conversion,  but  will  only  permit  recovery  of 
equipment  costs  as  if  the  equipment  were  being  depreciated  dur- 
ing the  years  it  was  actually  covered  by  the  use  allowance.  This 
interpretation  has  the  effect  of  denying  full  recovery  of  the  cost 
of  equipment.  As  noted  at  the  outset,  DHHS  audits  95  percent  of 
all  colleges  and  universities. 

Government  rules  permit  depreciation  or  use  allowance  only 
on  equipment  not  purchased  by  the  federal  government.  However, 
63  percent  of  all  academic  research  instruments  purchased  in 
1983  was  acquired  with  federal  funds.  These  item'  cannot  be 
depreciated  nor  may  a  use  charge  be  assigned  to  recover  the 
purchase  price  from  federal  awards. 

A  second  problem  in  switching  from  use  allowance  to  deprecia- 
tion is  that  depreciation  will  usually  resuit  in  more  rapid  cost 
recovery,  which  in  turn  raises  indirect  cost  rates.  Increases  in 
indirect  cost  rates  are  not  acceptable  to  some  investigators  for 
any  reason. 


User  Charges  The  third  cost-recovery  barrier  to  acquisition  is  the 
stricture  on  differential  pricing  of  centralized  service  facilities 
and  provision  for  reasonable  replacement  cost  of  the  equipment 
involved  if  it  is  federally  financed.  These  specialized  service 
centers  contain  instruments  like  central  computer  equipment  or 
electron  microscopes.  OMB  Circular  A-21  (Section  J.38)  says  the 
cost  of  using  these  facilities  shall  be  charged  directly  to  users 
based  on  actual  use  and  a  schedule  of  rates  that  does  not  discrim- 
inate between  federal  and  nonfederal  activities  including  use  by 
the  university  for  internal  purposes.  But  the  circular  also  says, 
"where  it  is  in  the  best  interest  of  the  Government  and  the  insti- 
tution to  establish  alternative  costing  arrangements  such  arrange- 
ments may  be  worked  out  with  the  cognizant  Federal  agency." 

The  cost  of  using  large  centralized  and  specialized  pieces  of 
equipment  often  is  set  too  high  for  optima!  use  by  all  investi- 
gators. Where  individual  project  grants  are  not  funded  well 
enough  to  permit  paying  full  costs,  differential  pricing  would 
encourage  greater  use  of  a  facility  but  would  necessarily  mean 
charging  some  users  more  than  others.  While  the  cognizant 
agency  has  the  authority  to  establish  alternative  arrangements, 
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we  found  no  instances  of  differential  pricing.  It  is  unlikely  that 
such  arrangements  can  actually  be  established,  unless  the  univer- 
sity offers  its  own  money  to  subsidize  the  facility.  Even  if  one 
were  able  to  recover  full  operating  costs,  there  is  no  provision  for 
setting  a  fee  lor  eventually  replacing  or  modernizing  the  equip- 
ment. The  government  argues  that  an  allowance  for  replacement 
is  tantamount  to  paying  for  an  instrument  twice  and,  further,  that 
a  set-aside  for  replacement  is  without  benefit  of  scientific  review. 
Again,  these  uncertainties  and  inconsistencies  mitigate  against 
acquisition  and  effective  use  of  research  equipment. 


Matching  Requirements 

Federal  agencies  that  award  funds  for  research  equipment  may 
expect  or  require  universities  to  contribute  funds  toward  the  cost 
of  such  equipment.  Investigators  argue  that  the  required  contribu- 
tions, or  matching  funds,  are  usually  too  great  and  point  out  that 
the  university's  payment  of  costs  such  as  installation,  operation, 
and  maintenance  is  not  as  a  rule  considered  part  of  the  match. 
The  governmentwide  rules  that  apply  to  matching  are  contained  in 
OMB  Circular  A-l  10,  Attachment  E.  The  rules  in  Circular  A-l  10 
are  not  in  themselves  burdensome,  but  each  federal  agency  uses 
different  criteria  to  decide  what  it  considers  an  acceptable  con- 
tribution. It  is  the  unspecified  match,  or  the  uncertainty  of  what 
is  acceptable,  that  creates  a  perception  of  inconsistency  in 
federal  regulations  on  matching. 

Actually,  the  amount  and  character  of  a  university's  matching 
contribution  are  determined  by  the  individual  agency  and  usually 
are  consistent  with  its  intent  and  program  purpose.  Program  man- 
agers are  given  broad  latitude  in  setting  matching  requirements. 
They  argue  that  this  latitude  is  needed  to  assure  the  best  possible 
use  of  federal  money. 

Matching,  as  the  term  is  used  here,  differs  from  cost  sharing, 
which  is  the  requirement  that  the  university  contribute  to  the 
total  cost  of  a  research  project,  which  may  or  may  not  involve 
equipment. 


Ownership  of  Equipment 

Some  federal  agencies  dp  not  vest  title  to  equipment  in  the 
university  receiving  the  support.  In  this  instance,  the  problem  is 
found  in  both  the  letter  and  the  interpretation  of  the  regulations. 
Without  assurance  of  title,  investigators  hesitate  to  combine  uni- 
versity funds  with  federal  funds  to  acquire  an  instrument— they 
may  find  that  it  belongs  entirely  to  the  federal  government. 
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To  cite  an  example,  the  Public  Health  Service  (PHS)  vests  title 
to  equipment  purchased  under  its  grants  without  obligation  on  the 
part  of  the  university,*  This  practice  is  consistent  with  the  intent 
of  the  Federal  Grant  and  Cooperative  Agreement  Act,  which 
states, 

The  authority  to  make  contracts,  grants,  and  cooperative 
agreements  for  the  conduct  of  basic  or  applied  scientific 
research  at  nonprofit  institutions  of  higher  education,  or 
at  nonprofit  organizations  whose  primary  purpose  is  the 
conduct  of  scientific  research  shall  include  discretionary 
authority,  when  it  is  deemed  by  the  head  of  the  executive 
agency  to  be  in  furtherance  of  the  objectives  of  the 
agency,  to  vest  in  such  institutions  or  organizations, 
without  further  obligation  to  the  Government,  or  on  such 
other  terms  and  conditions  as  deemed  appropriate,  title  to 
equipment  or  other  tangible  personal  property  purchased 
with  such  funds.^ 

The  Department  of  Energy,  on  the  other  hand,  does  not  auto- 
matically vest  title  to  equipment  purchased  under  its  contracts^ 
Such  inconsistent  practices  among  agencies  inhibit  efficient 
acquisition,  management,  and  use  of  equipment. 


♦Consistent  with  OMB  Circular  A-l  10,  the  PHS  reserves  the  right 
to  require  transfer  of  title  to  equipment  from  one  grantee  to 
another  or  to  the  federal  government  even  though  title  was  vested 
in  the  university  upon  acquisition.  This  is  known  as  "conditional" 
title,  but  has  created  no  reported  problems.  This  option  must  be 
exercised  within  120  days  after  the  end  of  PHS  support  for  the 
project.  Other  agencies  that  transfer  title  upon  acquisition  also 
vest  conditional  title  (Code  of  Federal  Regulations  45,  sec.74.136). 
tThe  Department  of  Energy  does  not  now  award  many  research 
grants  but  relies  rather  on  research  contracts.  Departmental 
policy  urges  that  equipment  title  be  transferred  to  universities 
upon  acquisition,  but  investigators  say  that  DOE  ignores  its  own 
policy.  Recently  the  department  announced  that  the  Office  of 
Energy  Research  would  be  issuing  a  significant  number  of  special 
research  grants.  An  announcement  in  the  Federal  Register  to 
facilitate  those  grants  appeared  on  April  15,  1985  (50  FR  14856); 
we  understand  that  DOE  operations  offices  will  be  encouraged  to 
vest  title  upon  acquisition  and  may  vest  title  to  equipment 
previously  purchased  on  contracts. 
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Problems  arise  when  investigators  attempt  to  acquire  an 
instrument  by  combining  funds  from  their  own  grants  or  contracts 
frofti  the  same  or  different  agencies,  for  example,  or  when  two 
investigators  want  to  purchase  an  instrument  jointly  with  funds 
from  the  same  or  different  agencies.  Where  title  to  the  instru- 
ment vests  in  the  government,  rather  than  the  university,  it  is 
easy  to  understand  the  reluctance  of  a  university  official  to 
arrange  financing.  The  government  may  prove  to  be  unable  or 
unwilling  to  continue  support  for  the  project  at  an  appropriate 
level,  leaving  the  university  to  pay  for  a  piece  of  equipment  that 
belongs  to  the  government. 


Inconsistencies  in  Federal  Contract  Rules 

The  Federal  Acquisition  Regulation  was  described  earlier  as 
the  basic  governmentwide  set  of  rules  governing  all  federal 
procurement  including  the  acquisition,  management,  and  use  of 
federally  supported  research  equipment  under  contracts.  The 
FAR  is  of  recent  origin  (April  1984)  and  was  developed  to  resolve 
the  inconsistencies  of  the  oH  agency-by-agency  procurement 
regulations.  The  intent  was  aamirable,  but  the  agencies  were 
permitted  to  develop  supplements  that  implement  the  FAR,  and 
these  in  some  instances  created  new  inconsistencies.  In  several 
cases,  there  are  inconsistencies  among  the  agency  supplements. 
In  other  instances,  the  FAR  itself  is  internally  inconsistent. 

For  universities  the  FAR  presents  two  problems.26  First, 
definitions  of  equipment  and  facilities  do  not  distinguish  between 
industrial  facilities,  plant  equipment,  and  special  tooling,  on  the 
one  hand,  and  research  facilities  and  equipment  on  the  other. 
Because  the  definitions  of  equipment  are  not  clear,  universities 
have  long  been  subjected  to  unrealistic  requirements,  such  as 
screening  requests  for  state-of-the-art  equipment  through  the 
Defense  Industrial  Plant  Equipment  Center  (DIPEC)  before  the 
equipment  can  be  purchased  with  DOD  funds.*  Such  screening  is 
required  because  research  equipment  is  included  in  the  definition 
of  the  term  "industrial  plant  facilities.11 

The  universities  we  visited  felt  that  the  descriptions  of  equip- 
ment in  the  DIPEC  inventory  do  not  suffice  to  permit  a  federal 
property  officer  to  determine  whether  an  instrument  in  the  inven- 
tory is  an  adequate  substitute  for  the  one  requested.  We  encoun- 


*The  National  Aeronautics  and  Space  Administration  has  a  similar 
screening  system,  the  Equipment  Visibility  System  (EVS). 
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tered  no  one  who  could  identify  scientific  or  technical  equipment 
acquired  via  DIPEC  screening.  Hence  the  required  time- 
consuming  screening  is  wasteful  for  both  the  universities  and  the 
government  and  serves  no  useful  purpose  for  research  equipment. 

The  DOD  definitions  of  what  constitutes  equipment  are  so 
oriented  toward  manufacturing  and  production  as  to  mean  little  to 
research  contracts  with  universities. 

The  second  difficulty  is  the  inconsistency  of  the  FAR  contract 
clauses  governing  vesting  of  title,  which  are  not  in  accordance 
with  PL  95-224.  This  law  contains  the  statutory  authority  for 
vesting  title  to  equipment.  The  policies  on  title  to  equipment 
acquired  by  universities  provide  that  the  "contractor  shall  auto- 
matically acquire  and  retain  title  to  any  item  of  equipment 
costing  less  than  $5,000"  and  "if  purchased  equipment  costs  $5,000 
or  more,"  the  parties  may  agree  that  title  vests  in  the  contractor 
on  acquisition,  or  they  may  select  among  several  other  options. 
The  contract  clause  that  implements  this  policy  pre*  ides  that 
title  ordinarily  vests  in  the  government,  rather  than  with  the 
contractor.  It  also  provides,  however,  that  title  to  equipment 
costing  less  than  $1,000  may  vest  in  the  contractor  on  acquisition 
but  only  if,  before  each  acquisition,  the  contractor  has  obtained 
agency  approval. 


Capital  Equipment  Thresholds  and  Inventory  Requirements 

OMB  Circulars  A-21  and  A-l  10  specify  cost  thresholds  for 
capitalizing  equipment  that  are  inconsistent  and  unrealistically 
low.  The  threshold  is  $500  in  Circular  A-21  and  3300  in  Circular 
A-l  10. 

OMB  Circular  A-21  defines  equipment  as  "tangible  personal 
property  having  a  useful  life  n  more  than  two  years,  and  ar« 
acquisition  cost  of  $500  or  more  f^er  unit."  OMB  Circular  A-l  10 
defines  equipment  as  "tangible  personal  property  having  a  useful 
life  of  more  than  one  year,  and  an  acquisition  cost  of  $300  or 
more  per  unit." 

OMB  Circular  A-21  addresses  capitalization  levels  for  pur- 
poses of  cost  recovery  and  allowability;  OMB  Circular  A-l  10 
addresses  the  management  of  equipment.  Circular  A-21  also 
requires  approval  in  advance  of  purchase  of  special-purpose 
equipment  costing  $1,000  or  more. 

If  colleges  and  universities  wish  to  be  reimbursed  for  depreci- 
ation or  use  allowance  on  equipment,  they  must  maintain  property 
records  and  conduct  a  physical  inventory  at  least  once  every  two 
years.  The  university  must  ensure  that  the  equipment  is  used  and 
needed.  Colleges  and  universities  that  seek  such  reimbursement 
keep  property  records  and  conduct  inventories,  but  those  inven- 
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tories  are  for  purposes  of  cost  reimbursement,  rather  than  for 
equipment  management. 

The  difference  in  the  two  circulars1  capitalization  thresholds— 
$500  versus  $300— creates  difficulty  in  equipment  management. 
The  Circular  A-110  definition  requires  keeping  track  of  signifi- 
cantly more  itpms  than  does  the  Circular  A-21  definition.  Man- 
agement of  the  inventory  would  go  more  smoothly  if  both  thresh- 
olds were  raised  and  made  uniform. 

Two  universitiss  we  visited  estimate  that  a  threshold  of  $1,000 
would  halve  the  number  of  items  in  the  typical  university  inven- 
tory of  capital  equipment  while  retaining  80  percent  of  the  com- 
bined value  of  the  equipment.  At  a  third  university,  80  percent  of 
the  items  in  the  inventory  of  equipment  bought  in  1983  accounted 
for  less  than  20  percent  of  the  dollar  value  of  the  inventory. 

Circular  A-110  requires  that  universities  "assure  the  avoidance 
of  purchasing  unnecessary  or  duplicative  items."  This  requirement 
is  interpreted  to  meah  that  universities  must  screen  their  equip- 
ment inventories  prior  to  purchase.  Faculty  investigators  generally 
are  willing  to  share  to  cut  costs,  but  we  were  told  that  the  $300 
threshold  requires  considerable  screening  for  items  that  are  not 
economically  suited  to  sharing.  Some  universities  have  negotiated 
higher  screening  thresholds  with  their  auditors.  The  screening 
level  at  one  university  we  visited,  for  example,  is  $10,000.  It 
accounts  for  3.2  percent  of  the  items  in  the  inventory  of  equip- 
ment bought  in  1983  and  for  50  percent  of  the  dollar  value. 


Prior  Approval  Systems 

Purchases  of  equipment  costing  more  than  $1,000  and  not 
otherv/ise  approved  for  acquisition  with  NIH  and  NSF  project- 
grant  funds  ordinarily  can  be  approved  by  the  university  under  the 
NIH  Institutional  Prior  Approval  System  (IP AS)  and  the  NSF 
Organizational  Prior  Approval  System  (OP  AS).  These  systems 
eliminate  some  of  the  postaward  restrictions  attached  to  the 
project  grant,  such  as  the  requirement  for  prior  approval  by  the 
agency  to  incur  certain  costs  or  to  shift  funds  among  budget . 
categories^  IP  AS  and  OP  AS  emphasize  the  grantee's  flexibility  to 
allocate  resources  to  achieve  optimum  research  outputs  and  are 
valued  highly  by  investigators  and  administrators.  They  reduce 
turnaround  time  on  requests  from  six  or  more  weeks  to  a  few 
days,  thereby  permitting  the  university  to  take  advantage  of 
timely  price  discounts  or  other  special  arrangements. 

Under  IP  AS  and  OP  AS,  the  universities  are  charged  with  adher- 
ing to  both  the  agencies1  grant  regulations  as  well  as  university 
standards.  Both  individual  transactions  and  the  procedures  them- 
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selves.are  subject  to  review  by  the  agency  and  the  auditor.  The 
universities  must  retain  documentation  of  their  IPAS/OPAS  trans- 
actions* 

The  NSF  OPAS  contains  a  provision  that  permits  the  university 
to  incur  cost  up  to  90  days  before  a  grant  is  awarded.  This  pro- 
vision can  reduce  lags  in  start-up  caused  by  delays  in  delivery  of 
equipment.  It  alsp  gives  the  university  ample  opp6rtunity  to 
obtain  mcv»nnum  benefit  from  negotiations,  including  taking 
advantage  of  tax  incentives  to  industry  for  donations  and  bargain 
sales  of  .equipment.  The  OPAS  makes  it  easier  to  combine  funds 
from  NSF  grants  when  the  grants  are  scientifically  related. 
Additionally,  the  university  is  authorized  to  rebudget  grant  funds 
for  renovations  costing  less  than  $10,000. 

The  Public  Health  Service  is  currently  in  the  second  phase  of 
an  experiment  with  the  IP  AS;  This  experiment  extends  additional 
approval  authority  to  the  university.  It  includes  the  ability  to 
make  decisions  on  the  purchase  of  general-purpose  equipment  to 
be  used  for  scientific  applications.  General-purpose  equipment 
includes  items  like  cargo  vehicles,  computing  equipment, 
cameras,  and  refrigerators. 

The  Office  of  Naval  Research  (ONR)  operates  a  system  that, 
among  other  functionsrmoves  the  locus  of  government  decision 
making  closer  to  the  campus.  ONR  resident  representatives  on  or 
near  campuses  around  the  country  can  approve  purchases  iocally, 
which  considerably  expedites  the  acquisition  process.  The  resi- 
dent representative  is  usually  authorized  to  approve  purchases  on 
behalf  of  agencies  other  than  DOD.  This  system  provides  certain 
benefits  comparable  to  those  of  IPAS  and  OPAS,  although  it  does 
not  constitute  delegation  of  prior  approve  authority  to  the 
universities.  - 


RECOMMENDATIONS 

Traditional  federal. funding  mechanisms,  although  they  account 
for  well  over  half  pf  expenditures  on  academic  research  equip- 
ment, do  not  on  balance  comprise  adequate  means  of  regularly 
replacing  obsolete  or  worn-out  equipment.  Current  special  equip- 
ment programs,  operated  outside  the  traditional  funding  channels, 
are  extremely  useful.  Still,  they  were  designed  largely  to  respond 
to  an  emergency  and,  at  present  levels,  obviously  are  not  a  long- 
term  solution  to  the  equipment  problem. 

Federal  regulatory  practices  are  an  element  of  the  problem. 
Few  federal  regulations  directly  prevent  the  acquisition  of 
research  equipment  by  universities  or  hamper  its  operation,  main- 
tenance, .and  replacement;  However,  the  interpretation  of  regula- 
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tions  does  impede  acquisition  and  especially  complicates  manage- 
ment and  replacement  and  modernization  of  research  equipment, 
We  recommends 

1  •  That  the  heads  of  federal  agencies  supporting  university 
research  issue  policy  statements  aimed  at  removing  barriers  to 
the  efficient  acquisition,  management,  and  use  of  academic 
research  equipment.  Few  federal  regulations,  as  written,  con- 
tribute directly  to  the  equipment  problem.  Inconsistent  interpre- 
tation of  regulations  by  federal  officials,  however,  complicates 
the  purchase,  management,  and  replacement  of  research  equip- 
ment and  leads  to  unnecessarily  conservative  management  prac- 
tices at  universities.  Desirable  actions  are  summarized  in  the 
recommendations  below, 

2,  That  federal  agencies  more  adequately  recognize  and 
provide  for  the  full  costs  of  equipment,  including  operation  and 
maintenance,  space  renovation,  service  contracts,  and  technical 
support  by,,, 

•••providing  these  costs  in.  project  grants  and  contracts  or 
ensuring  that  recipients  have  adequately  provided  them. 

...accepting  universities1  payment  of  costs  such  as  installation, 
operation,  and  maintenance  as  matcu!ng  funds  on  programs  that 
require  matching  contributions  by  universities. 

3.  That  federal  agencies  adopt  procedures  that  facilitate 
spreading  the  cost  of  more  expensive  equipment  charged  directly 
to  research-project  awards  over  several  award-years  and  allow 
the  cost  and  use  of  equipment  to  be  shared  across  award  and 
agency  lines.  Individual  research-project  grants  and  contracts 
normally  can  accommodate  equipment  of  only  modest  cost. 
Investigators,  moreover,  have  difficulty  combining  funds  from 
awards  from  the  same  or  different  agencies  to  buy  equipment. 

That  federal  auditors  permit  universities  to  recover  the  full 
cost  of  nonfederally  funded  equipment  from  federal  awards  when 
they  convert  from  use  allowance  to  depreciation.  Office  of 
Management  and  Budget  (OMB)  Circular  A-21  permits  such 
conversion  as  well  as  recovery  of  full  cost.  Auditors  of  the 
Department  of  Health  and  Human  Services,  however,  permit 
recovery  only  as  if  the  equipment  were  being  depreciated  during 
the  time  it  was  in  fact  covered  by  the  use  allowance.  This 
practice,  in  effect,  denies  recovery  of  full  cost. 

5.  That  the  Office  of  Management  and  Budget  make  interest 
on  equipment  funds  borrowed  externally  by  universities  unequivo- 
cally an  allowable  cost  by  removing  from  OMB  Circular  A~21  the 
requirement  that  agencies  must  approve  such  charges.  Interest  on 
externally  borrowed  funds  has  been  a  permissible  cost  since  1982 
at  the  discretion  of  the  funding  agency,  but  agencies  have  shown 
significant  reluctance  to  permit  it.  The  perception  of  inability 
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to  recover  interest  costs  may  lead  university  officials  to  decide 
against  seeking  debt  financing  for  equipment. 

6.  That  ail  federal  agencies  vest  title  to  research  equipment 
in  universities  uniformly  upon  acquisition,  whether  under  grants  or 
contracts*  Federal  regulations  on  title  to  equipment  vary  among 
agencies,  and  such  variability  inhibits  efficient  acquisition,  man- 
agement, and  use  of  equipment.  Without  assurance  of  title,  for 
example,  investigators  hesitate  to  combine  university  funds  with 
federal  funds  to  acquire  an  instrument  not  affordable  by  a  single 
sponsor. 

7.  That  the  Office  of  Management  and  Budget  make  federal 
regulations  and  practices  governing  management  of  equipment 
less  cumbersome  by... 

...setting  at  $10,000  the  minimum  level  at  which  universities 
must. screen  their  inventories  before  buying  new  equipment  and, 
above  that  minimum,  permitting  universities  and  agencies  to 
negotiate  different  screening  levels  for  different  circumstances. 

...raising  the  capitalization  level  for  research  equipment  to 
$1000  in  OMB  Circulars  A-21  (now  at  $500)  and  A-l  10  (now  at 
$300)  and  giving  universities  the  option  of  capitalizing  at 
different  levels. 

S.  That  the  Department  of  Defense  eliminate  its  requirement 
that  the  inventory  of  the  Defense  Industrial  Plant  Equipment 
Center  (D1PEC)  be  screened  for  the  availability  of  specialized 
scientific  equipment  requested  by  universities  before  new  equip- 
ment is  purchased*  The  descriptions  of  equipment  in  the  DIPEC 
inventory  do. not  permit  a  federal  property  officer  to  determine 
whether  a  scientific  instrument  in  the  inventory  is  an  adequate 
substitute  for  the  one  requested.  Hence,  the  requirement  for 
screening  is  wasteful  for  both  universities  and  the  government. 

9.  That  other  federal  agencies  adopt  the  NIH  and  NSF  prior 
approval  systems*  Purchases  of  equipment  with  federal  funds 
ordinarily  must  be  approved  in  advance  by  the  sponsoring  agency. 
Purchases  can  be  approved  by  the  university,  however,  under  the 
NIH  Institutional  Prior  Approval  System  and  the  NSF  Organiza- 
tional Prior  Approval  System.  These  systems  markedly  improve 
speed  and  flexibility  in  acquiring  equipment. 
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The  State  Role  in  the  Acquisition  and 
Management  of  Research  Equipment 


INTRODUCTION 


State  governments  play  significant  but  often  conflicting  roles 
in  regard  to  academic  research  equipment.  On  the  one  hand,  they 
provide  important  funding  for  such  equipment  both  directly  and, 
by  means  of  tax  benefits,  indirectly.  On  the  other  hand,  states 
often  constrain  the  acquisition  and  management  of  research  equip- 
ment through  regulatory  controls  and  restrictions  on  public  uni- 
versities1 general  financial  flexibility. 

Data  on  state  funding  of  research  equipment  in  universities 
are  sparse,  and  trend  data  do  not  exist.  The  National  Science 
Foundation's  (NSF's)  National  Survey  of  Academic  Research 
Instruments  has  developed  figures  on  the  amount,  condition,  and 
cost  of  existing  research  equipment.  The  figures  show  that  states 
directly  funded  5  percent  of  the  aggregate  acquisition  cost  of 
major  research  instrumentation  systems  in  use  in  academe  in 
1982-1983  (Table  3).  This  percentage  is  probably  an  underrepre- 
sentation  of  state  support  for  many  public  institutions,  since  the 
self-reported  university  contribution  may  include  general-purpose 
state  appropriations.  State  funds  for  research  equipment  are 
rarely  available  to  private  universities;  the  NSF  data  show  that 
private  schools  received  only  2  percent  of  direct  state  funding  for 
equipment  covered  by  the  survey,  whereas  public  schools  received 
98  percent  (Table  4). 

States  provide  some  funding  for  research  and  development  at 
colleges  and  universities,  and  an  unknown  fraction  of  these  expen- 
ditures goes  for  research  equipment.  State  and  local  governments 
accounted  for  15  percent  of  tptai  spending  on  academic  R&D  in 
1953  and  7  percent  in  1983  (Figure  2,  Chapter  1).  The  decline 
reflects  the  rise  in  federal  funding  during  that  period  (Appendix 
A).  In  constant  dollars,  state  funding  grew  about  8.9  percent 
annually  during  1953-1967  and  about  1.8  percent  annually  during 
1 967-1 983»  Federal  funding  of  academic  R&D,  in  real  terms, 
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TABLE  3  Sources  of  Funds  for  Acquisition  of  Academic  Research 

Federal 


Total 

Total 

NSF 

NIH 

DOD 

Total,  Selected  Fields  $1,178.0 

$640.3 

$230.8 

$176.5 

$103.9 

i  nn% 

1  UU  A) 

54% 

20% 

I  5% 

1  J  /V 

9% 

ApricuItiirAl  S^i#»np<*<: 

7.8 

1.7 

1.3 

o 

100% 

21% 

5% 

4% 

Biolocical  science*;,  tntal 

381.3 

198.5 

35.3 

149.7 

2.1 

52% 

9% 

39% 

1  % 

Graduate  schools 

156.1 

80.6 

24.5 

48.9 

1.0 

100% 

52% 

"16% 

1  % 
i  aj 

Medical  schools 

225.2 

117.9 

10.8 

100.8 

1.2 

100% 

52% 

5% 

45% 

Environmental  sciences 

92.3 

45.7 

16.5 

0.5 

6.6 

100% 

50% 

18% 

7% 

Physical  sciences 

351.9 

229.1 

116.1 

19.5 

32.3 

100% 

65% 

33% 

6% 

9% 

Engineering 

218.9 

106.4 

35.1 

2.7 

45.8 

100% 

49% 

16% 

1% 

21% 

Computer  science 

46.9 

21.5 

10.8 

0.3 

9.1 

100% 

46% 

23% 

1% 

19% 

Materials  science 

34.1 

24.3 

13.5 

0.7 

5.4 

100% 

71% 

40% 

2% 

16% 

Interdisciplinary,  not 

16.6 

7.0 

1.8 

1.9 

2.4 

elsewhere  classified 

100% 

42% 

11% 

11% 

15% 

aIndividuals  and  nonprofit  organizations. 

NOTE;  Sum  of  percents  may  not  equal  100  percent  because  of  rounding. 
SOURCE:  National  Science  Foundation,  National  Survey  of  Academic 
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Equipment  in  Use  in  1982-1983,  by  Field  (Dollars  in  Millions) 
Funding  Nonfederal  Funding 


DOE 

NASA 

USDA 

Other 

Univ. 
Funds 

State 
Govt. 

Busi- 
ness 

Othera 

$63.1 

$30.8 

$5.0 

$30.2 

$371.5 

$61.5 

$43.2 

$61.5 

5% 

3% 

3% 

32% 

5% 

4% 

5% 

0.3 

0.3 

2.7 

1.5 

17.8 

6.7 

1.8 

2.1 

1% 

1% 

7% 

4% 

49% 

18% 

5% 

6% 

3.5 

0.4 

1.9 

5.5 

131.2 

18.6 

6.5 

26.5 

1% 

- 

_ 

1% 

34% 

5% 

2% 

7% 

0.7 

0.* 

1.7 

3.5 

48.2 

13.0 

4.3 

10.0 

1% 

2% 

31% 

8% 

3% 

6% 

2.9 

0 

0.2 

2.1 

83.0 

5.5 

2.3 

16.4 

1% 

— 

1% 

37% 

2% 

1% 

7% 

8.2 

0 

8.5 

27.5 

7.2 

8.4 

3.5 

9% 

6% 

9% 

30% 

8% 

9% 

4% 

33.0 

22.3 

0.1 

5.7 

92.2 

6.6 

4.1 

20.0 

9% 

6% 

2% 

26% 

2% 

1% 

6% 

14A 

2.2 

0.3 

5.8 

78.5 

13.5 

13.1 

7.4 

7% 

1% 

3% 

36% 

6% 

6% 

3% 

0.3 

0 

0 

1.0 

11.5 

4.9 

7.7 

1.2 

1% 

2% 

25% 

10% 

16% 

3% 

3.4 

0 

0 

1.3 

6.0 

2.6 

0.6 

0.6 

10% 

4% 

18% 

8% 

2% 

2% 

0 

0 

0 

0.9 

6.8 

1.5 

0.9 

0.4 

5% 

41% 

9% 

6% 

2% 

Research  Instruments  and  Instrumentation  Needs. 
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TABLE  4  Acquisition  of  Research  Instrument  Systems  in  Use  in 
Purchase  Cost  (Dollars  in  Millions) 


Federal 


Total 

I  otal 

NSF 

NIH 

DOD 

Total 

$1,178 

$640.3 

$230.8 

$176.5 

$103.9 

100% 

100% 

100% 

100% 

100%; 

Type  of  University 

Private 

429.9 

268.3 

102.8 

74.7 

53.1 

36% 

42% 

45% 

42% 

51% 

Public 

748.1 

372.0 

128.0 

101.8 

50.8 

64% 

58% 

55% 

58% 

49% 

System  Purchase  Cost 

$l0,000-$24,999 

324.9 

176.7 

43.5 

82.6 

21.5 

28% 

28% 

19% 

47% 

21% 

$25,000-$74,999 

372.6 

194.2 

68.9 

53.2 

37.4 

$75,000-$!, 000,000 

32% 

30% 

30% 

30% 

36% 

480.5 

269.4 

118.4 

40.7 

45.0 

41% 

42% 

51% 

23% 

43% 

individuals  and  nonprofit  organizations. 


NOTE:  Sum  of  percents  may  not  equai  100  percent  because  of  rounding. 
SOURCE:  National  Science  Foundation,  National  Survey  of  Academic 
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1982-1983  by  Source  of  Funds,  Type  oi  University,  and  System 


Funding  Nonfederal  Funding 


Univ. 

State 

Busi- 

DOE 

NASA 

USDA 

Other 

Funds 

Govt. 

ness 

Otherc 

$63.1 

$30.8 

$5.0 

$30.2 

$371.5 

$61.5 

$43.2 

$61.5 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

I  Z.o 

1U7.7 

Oti  7 

?5  7 

2f% 

12% 

6% 

31% 

30% 
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grew  about  1  .£    ;rcent  annually  during  1967-1983  but  from  a  base 
more  than  eigh.  times  the  base  for  state  and  local  government. 
The  critical  question  is  the  degree  to  which  state  funds  and 
tax  benefits  intended  specif ically  to  aid  academic  research  are 
countered  by  constraints  general  to  state  government.  State 
procurement  laws,  for  example,  tend  to  be  highly  conservative, 
and  creative  financing  is  viewed  warily.  States  traditionally  rely 
on  negative  controls  to  assure  fiscal  integrity.  Such  controls  do 
not  lend  themselves  readily  to  expeditious  acquisition  and  upgrad- 
ing of  complex  and  costly  research  instrumentation  or  to  alterna- 
tive modes  of  financing.  States  typically  do  not  have  a  regular 
mechanism  for  replacing  obsolete  research  equipment  nor  do  they 
recognize  its  rapid  obsolescence  when  providing  initial  funding  for 
equipment  purchases.  Other  constraints  include  bars  to  the  use  of 
equipment  by  private  entities  and  replacement  policies  inconsis- 
tent with  the  unique  nature  and  often  quite  short  useful  life  of 
research  equipment.  Finally,  most  states  continue  to  treat  the 
acquisition  of  research  equipment,  almost  without  regard  for  its 
cost,  as  an  operating  expense.  Thus,  the  capital  financing  methods 
common  in  business,  and  used  increasingly  by  private  universities, 
remain  the  exception  for  state-funded  equipment. 


The  state  and  federal  approaches  to  funding  research  equip- 
ment differ  in  part  on  philosophical  grounds.  For  example,  states 
sometimes  do  not  consider  research  and  graduate  study  among 
their  primary  responsibilities;  more  specifically,  they  consider 
basic  research  a  federal  responsibility.  Some  states,  in  fact, 
budget  only  for  instruction  in  their  institutions  of  higher  educa- 
tion. 

State  support  is  usually  institutional,  with  only  limited  consid- 
eration of  specific  pieces  of  equipment;  federal  support,  in  con- 
trast, is  mainly  project  oriented  and  independent  of  the  overall 
financing  of  the  institution.  State  funding  is  very  likely  to  be  in  a 
form  that  merges  support  for  equipment  into  a  general  operating 
base;  a  federal  research  grant  is  likely  to  anticipate  the  acquisi- 
tion of  specific  equipment.  State  funding  of  scientific  equipment 
usually  is  associated  with  new  buildings  or  major  new  programs. 
Most  state  purchasing  regulations  draw  no  distinction  between 
research  equipment  and  other  equipment,  whether  for  use  &y 
universities  or  other  state  agencies.  State  allocations  that  cover 
equipment,  moreover,  usually  also  cover  diverse  and  undifferen- 
tiated instructional,  administrative,  and  maintenance  needs. 

FedeValfarW  state  policies  toward  public  and  private  univer- 
sities also  differ  significantly.  With  only  minor  exceptions,  the 
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federal  government  treats  public  and  private  universities  alike  in 
the  award  and  management  of  funds  for  research  and  research 
equipment*  States,  on  the  other  hand,  impose  on  public  univer- 
sities considerably  more  control,  particularly  fiscal  control,  than 
they  impose  on  private  universities*  Except  for  controls  entailed 
by  their  use  of  state  borrowing  authority,  private  universities  are 
exempt  from  virtually  all  state  controls  on  the  acquisition  and 
management  of  research  equipment. 

State  support  of  colleges  and  universities  is  largely  shaped  by 

the  state  appropriations  process.  Typically  the  process  supplies 
operating  and  capital  funds  for  a  budget  period  of  one  or  two 
years.  The  'base  budget"  reflects  the  costs  of  operating  and 
maintaining  the  institution  at  existing  levels;  generally  it  includes 
allocations,  often  quite  small,  for  buying  and  maintaining  equip- 
ment. The  base  budget  may  or  may  not  reflect  inflation,  depend- 
ing on  state,  practice.  At  the  end  of  the  budget  period,  unexpend- 
ed or  uncommitted  balances  generally  revert  to  the  state's 
general  fund. 

Proposals  for  new  or  expanded  programs,  and  the  associated 
equipment,  must  include  well-justified  cost  analyses  and  projec- 
tions and  must  be  submitted  for  legislative  scrutiny  during  the 
appropriations  process.  The  economic  health  of  the  state  and  the 
interests  of  its  political  leadership  are  critical  factors  in  the 
treatment  of  such  budgetary  proposals. 

States  are  usually  under  heavy  pressure  to  pay  for  current 
operations,  and  very  few  are  able  to  fund  equipment  replacement 
reserves.  State  budget  officers  increasingly  are  requiring  public 
universities  to  include  replacement  reserves  in  their  budget 
presentations.  Unfunded  reserves,  however,  set  up  false 
expectations,  often  exacerbated  by  useful-life  tables  that  are  too 
long  relative  to  the  actual  useful  life  of  research  equipment. 

The  regulations  associated  with  state  support  (Appendix  E) 
generally  apply  to  all  state  agencies  and  often  promote  good 
management  and  provide  checks  and  balances  to  ensure  that  funds 
are  spent  appropriately.  Stili,  restrictions  on  year-end  carry  over 
of  funds,  overly  restrictive  state  purchasing. procedures,  lev; 
dollar  values  for  capitalization  of  equipment,  and  state  budgeting 
processes  ail  combine  to  impose  burdens  on  state  universities  not 
common  to  private  universities.  Except  in  unuujal  circumstances, 
moreover,  state  regulations  do  not  recognize  the  unique  character 
of  scientific  equipment  or  the  difficulties  of  acquiring  it.  In 
addition  to  high  costs  and  short  technological  lifetimes,Jnstru- 
ments  with  the  same  general  specifications,  for  example,  may 
have  different  capabilities.  Further,  the  differences  may  be 
discernible  only  to  experts  in  the  field. 
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Fresh  Approaches 

Many  states  are  seeking  ways  to  foster  technological  develop- 
ment, and  some  legislatures  have  recognized  that  colleges  and 
universities  need  capital  equipment  to  compete  for  federal  fund- 
ing of  research  and  create  an  environment  conducive  to  economic 
development.  In  some  states,  for  example,  participants  in  the 
budgeting  process  have  had  the  foresight  to  provide  not  just  the 
salaries  for  new  faculty,  but  also  seed  money  and  start-up  funds 
for  their  research.  We  Visited  several  such  state  universities. 

The  University  of  New  Mexico  received  $2  million  per  year  for 
five  years  (1980-1985)  from  the  state  for  research  equipment  and 
teaching  apparatus;  the  money  was  part  of  $5  million  per  year 
from  a  statewide  appropriation,  which  was  distributed  to  public 
colleges  and  universities  by  formula. 

The  state  of  Georgia  set  aside  1  percent  of  the  state's  higher 
education  appropriation  of  $600  million  for  specific  quality  im- 
provement programs  at  state  schools.  The  $6  million  allocated  in 
1984  was  used  to  improve  laboratory  equipment.  It  was  appor- 
tioned according  to  need;  Georgia  Tech,  for  exanole,  got  $1 
million.  Officials  anticipate  that  similar  funds  will  be  provided 
each  year,  but  the  focus  may  cnange  from  year  to  year  according 
to  current1  needs.  These  funds  are  used  for  one-time  expenditures 
without  continuing  budgetary  commitments. 

The  New  York  State  Foundation  for  Science  and  Technology 
has  established  centers  for  advanced  technology  at  seven  public 
and  private  universities  within  the  state.  Support  for  each  of  the 
seven  centers  is  Si  million  per  year  for  four  years.  In  addition, 
the  stat-j  is  supporting  a  research  and  development  program  in 
engineering  at  Rensselaer  Polytechnic  Institute  and  a  major 
research  facility  for  biotechnology  at  Cornell  University. 

The  state  of  Virginia  in  1984  appropriated  more  than  330 
million  for  a  Center  for  Innovative  Technology  to  be  operated  by 
a  consortium  of  four  universities.  It  is  designed  to  support 
research  in  four  areas:  genetic  engineering,  computer-aided 
engineering,  microelectronics,  and  image  processing.  The  state 
money  is  seed  money;  substantial  industrial  support  is  antici- 
pated The  center  will  provide  support  for  individual  projects  as 
wellvas  a  central  facility. 

The  North  Carolina  Board  of  Science  and  Technology,  a 
15-member  board  established  by  the  governor,  did  a  thorough 
study  of  academic  research  equipment  heeds  in  the  state.  In 
December  1983  the  board  recommended  that  the  state  appro- 
priate $73' million  over  five  years  to  universities  in  the  North 
Carolina  system  for  one-time  purchase  of  equipment  and  $10.9 
million  per  year  for  maintenance  of  equipment.'  It  recom- 
mended also  that  the  state  allocate  $20  million  over  five  years  to 
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public  and  private  colleges  and  universities  for  matching  grants 
for  equipment.  As  of  mid- 1985,  the  North  Carolina  legislature 
had  not  acted  on  tliese  recommendations. 

The  North  Carolina  Board.of  Science  and  Technology  is 
designed  in  part  to  bring  together  the  scientific  and  technolpgical 
resources  of  government,  academe,  and  industry  in  the  state. 
One  result  of  the  board's  activities  is  the  Microelectronics  Center 
of  North  Carolina  (faCNC).2  It  is  intended  to  help  the  state 
develop  high  technology  industry  by  enhancing  the  research  and 
educational  abilities  of  five  universities  and  a  contract  research 
institute.  The  participants  are  Duke,  Agricultural  and  Technical 
College  of  North  Caroline,  North  Carolina  State,  the  University 
of  North  Carolina  at  Chapel  Hill,  the  University  of  North  Carolina 
at  Charlotte,  and  the  Research  Triangle.  Institute.  MCNC  thus  far 
has  been  funded  largely  by  the  state  and  began  occupying  its  own 
facilities  at  Research  Triangle  Park  in  1983.  Center  leaders  see 
great  potential  for  supporting  excellent  research  facilities  in 
integrated  circuit  technology. 

Another  technology-fostering  device  is  the  provision  at.some 
schools  of  "incubation"  facilities  for  siwall  companies  just  starting 
out.  The  immediate  payoff  for  the  university  is  not  likely  to  be 
large,  but  advantages  could  accrue  in  the  longer  term.  The  state 
of  Georgia  in  1980  established  such  a  facility,  the  Advanced 
Jechnplogy  Development  Center  (ATDC)  on  the  campus  of 
Georgia  Tech.  The  center  is  designed  to  catalyze  the  growth  of 
high  technology  in  the  state,  and  university  officials  say  it  is  "a 
spectacular  success."  The  center's  location  on  campus  gives 
companies  ready  access  to  Georgia  Tech's  scientific  and  engi- 
neering resources,  both  human  and  physical,  and  low-cost  space 
for  developing,  testing,  and  manufacturing  new  products  is  also 
available  on  campus.  ATDC  also  serves  as  a  conduit  to  Georgia's 
other  major  research  universities— the  University  of  Georgia  and 
Emory  University. 

Finally,  a  few  states  are  permitting  their  public  instituaons  to 
create  structures  that  encourage  public-private  cooperation.  In 
1984,  Connecticut  authorized  the  University  of  Connecticut  to 
establish  a  Health  Sciences  Research  and  Development  Corpora- 
tion which  would  in  turn  own  a  controlling  interest  in  a  series  of 
research  and  development  limited  partnerships.  Although  imple- 
mentation is  just  under  way,  this  model  promises  to  provide  a 
vehicle  that  encourages, private  sector  participation  in  R&D 
activities  without  the  burdens  imposed  by  direct  state  control. 


Tax  Benefits 

States  also  support  research  and  research  equipment  indirectly 
through  tax  benefits.  In  34  states  jyhose.tax  codesJEollow  the 
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federal  Internal  Revenue  Code,  tax  benefits  are  available  as 
specified  in  the  Economic  Recovery  Tax  Act' of  1981  (see  Chapter 
5  for  detailed  discussion).  These  benefits  cover  contributions  of 
research  equipment  to  colleges  and  universities  as  well  as  spend- 
ing orijresearch.  In  four  other  states,  the  tax  codes  include 
comparable  provisions  but  with  certain  variations.  In  addition, 
seven  states  have  adopted  tax  credits  designed  to  foster  research 
and  contributions  to  educational  institutions. 


CONTROLS  ON  DEBT  FINANCING 

Rising  costs  have  led  to  steady  growth  in  the  universities'  use 
of  debt  finai  cing  and  leasing  to  acquire  research  equipment  (see 
Chapter  ^  for  detailed  discussion).  State  controls,  however,  have 
generally  limited  public  universities'  use  of  these  financial  ve- 
hicles; 

Few  state  universities  may  directly  incur  debt  except  where 
the  debt-financed  facility  or  equipment  will  generate  its  own 
definable  revenue  stream.  Even  in  such  cases,  debt  financing  is 
usually  limited  to  capital  construction.  General  obligation  bonds 
and  other  forms  of  state  debt  commonly  issued  to  finance  build- 
ings, highways,  and  other  permanent  improvements  remain 
unavailable  for  most  equipment  needs  (Appendix  F),  although 
research  instruments  may  cost  nearly  as  much  and  sometimes 
even  more  than  permanent  structures.  The  distinction  is  based  on 
presumed  useful  life:  financing  equipment  with  a  useful  life  of 
perhaps  5  years  by  means  of  state  debt  that  will  be  carried  for  30 
years  has  traditionally  been  considered  imprudent. 

An  exception  here  is  that  most  states  permit  the  financing  of 
new  (or  substantially  renovated)  buildings  to  include  the  cost  of 
equipping  them.  Equipment  has  generally  been  taken  to  include 
the  instrumentation  (fixed  or  movable)  required  in  laboratories  or 
other  research  facilities  in  the  new  or  renovated  building.  This 
approach  helps  the  university  by  permitting  substantial  equipment 
costs  to  be  financed  on  a  capital  basis.  On  the  other  hand,  it 
creates  the  impression  that  the  initial  instrumentation  and  the 
surrounding  building  will  have  similar  long-term  useful  lives. 
State  legislators  and  budget  directors  usually  will  accept  the  need 
to  replace  the  instruments  before  the  building,  but  not  the  need  to 
replace  them  in  only  a  few  years.  Thus,  the  inclusion  of  initial 
equipment  with  buildings  in  long-term  capital  financing  can 
create  reluctance  to  replace  the  equipment  in  a  timely  fashion. 

New  construction  alone  cannot  meet  the  need  for  research 
equipment  in  academe.  At  most  state  universities,  however, 
equipment  that  is  not  included  in  new  construction  cannot  be 
financed  through  the  capital  route,  but  must  be  paid  for  out  of 
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regular  appropriations.  This  requirement^  in  effect,  pits  needs  for 
equipment  against  needs  for  faculty  and  other  claims  on  operating 
funds. 


Exceptions  to  Current  Funds  Only 

the  current-funds-only  rule  is  not  universal.  To  buy  equip- 
ment that  is  expected  to.generate  revenue,  for  example,  nearly 
all  states  allow  issuance  of  revenue  bonds  that  do  not  constitute 
state  debt.  Interest; and, principal  are  paid  from  the  earnings 
produced  by  the  equipment.  This  vehicle  harbors  risk,  however. 
If  the  revenue  stream  proves  inadequate,  the  institution  or  the 
state  or  both  may  be  forced  to  service  the  debt  out  of  genaral 
funds,  risk  default,  lose  the  equipment,  or  suffer  other  harm. 

Another  way  to  capitalize  equipment,  including  research 
instrumentation,  is  pooled  .debt  financing,  where  the  state  does 
not  incur  a  general  obligation.  Although  public  as  well  as  private 
institutions  technically  have  access  to  pooled  equipment  funds, 
private  universities  have  used  this  alternative  the  most.  The 
explanation  see.ns  to  lie  in  the  schools1  budgeting  processes  and 
the  vagaries  of  state  law.  Private  universities,  at  least  in  theory, 
have  relatively  unrestricted  use  of  their  funds  and  can  shift  them 
as  heeded  to  take  part  in  pooled  equipment  financing.  State 
universities,  on  the  other  hand,  often  are  constrained  by  line-item 
or  object-category  budgets  that  lack  the  necessary  flexibility. 
Some  state  universities  have  solved  this  problem  by  classifying 
outlays  for  pooled  equipment  funds  as  leases  and  within  their 
power  to  arrange.  As  will  be  seen,  however,  restrictions  on 
multiyear  contracts  can  limit  the  utility  of  this  approach. 

Another  exception  to  the  current-funds-only  practice  is  tele- 
communicatipns  and  data  processing  systems.  A  number  of  states 
have  set  up  debt  financing  programs  to  allow  their  agencies, 
including  public  universities,  to  acquire  equipment  of  both  kinds 
(see  also  Controls  on  Purchasing  sectidn  below).  This  has  been  a 
particularly  attractive  area  for  joint  ventures,  as  in  the  case  of  a 
technologically  advanced  teleport  under  development  by  Ohio 
State  University  with  a  consortium  of  private  interests.  The  tele- 
port  is  a  telecommunications  center  that  has  a  combination  of 
several  satellite-earth  terminals,  a  switching  center,  and  a  data 
processing  center  and  if  used  as  a  regional  focal  point  for  the 
reception  and  transmission  of  data  for  a  number  of  users.  In  this 
case,  the. state  has  stepped  aside  to  allow  for  the  creation  of  a 
high-cost  facility  that  would  ordinarily  be,  outside  of  the  existing 
public  resource  base. 

Private  as  well  as  public  universities  have  benefited  from 
state-authorized  debt  financing.  Most  states  now  permit  private 
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institutions  to  participate  in  tax-exempt  bond  issues  that  impose 
no  general  financial  obligation  on  the  state.  Many  state  legisla- 
tures have  established  financing  authorities  for  higher  education 
facilities  that  are  empowered  to  issue  bonds  to  finance  capital 
projects  at  private  universities.  In  a  growing  number  of  states  the 
proceeds  may  be  used  to  buy  equipment  not  part  of  a  construction 
project.  California  is  the  primary  example  of  a  state  that  has 
aggressively  promoted  pooled  issues,  the  proceeds  of  which  could 
be  used  for  equipment  as  well  as  facilities. 

Financing  research  equipment  through  debt  that  is  not  a  gen- 
eral obligation  of  the  state  is  an  important  development  as  more 
and  more  states  find  themselves  at  or  near  the  statutory  or 
constitutional  limit  on  the  money  they  may  owe. 


Leasing  equipment  to  spread  its  cost  has  become  common 
among  research  universities.  Public  universities  in  many  states, 
however,  face  statutory  limits  on  the  duration  of  contracts, 
including  leasesl  Such  limits,  often  based  on  the,  appropriations 
period  (usually  one  or  two  years),  restrict  the  schools1  ability  to 
arrange  advantageous  leases.  Even  where  a  long-term  lease  can 
be  negotiated,  it  must  by  law  be  cancelable  annually  or  biennially, 
which  increases  the  risk  to  the  lessor  and,  therefore,  the  cost  to 
the  lessee.  Current  exceptions  that  allow  multiyear  leases  are 
commonly  limited  to  real  property  or  special  categories  of  fixed 
equipment,  particularly  telecommunications. 


State  controls  on  purchasing  and  procurement  significantly 
constrain  the  acquisition  of  research  equipment.  Nearly  every 
state  requires  its  public  universities  to  conform  to  at  least  some 
of  the  standards  and  procedures  for  buying  equipment  that  apply 
to  all  state  agencies.  Such  requirements  include  publication  of 
specifications,  approved  bidder  lists,  competitive  procurement, 
and  the  award  of  contracts  to  the  lowest  responsive  bidder.  Con- 
trols on  purchasing ,and  procurement  usually  apply  with  equal 
force  whether  the  equipment  is  bought  with  current  funds  or 
through  capital  financing. 

'  State  controls  are  frequently  more  restrictive  than  federal 
regulation^.  They  may,  for  example,  require  orders  to  be  pro- 
cessed and  approved  through  a  statewide  purchasing  agency,  a 
procedure  that  often  delays  acquisition  and  isolates  investigators 
from  discretionary  judgments  that  are  essential  to  the  purchasing 
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State  purchasing  requirements  tend  to  be  designed  to  deal  with 
the  acquisition  of  routine  and  general-purpose  goods:  automobile 
tires,  cleaning  supplies,  and  the  like.  Although  often  not  drafted 
with  the  requirements  of  sophisticated  scientific  research  instru- 
mentation in  mind,  they  often  subsume  those  acquisitions  as  well. 
This  problem  becomes  particularly  severe  because  procurements 
are  defined  in  generic  terms;  in  the  case  of  many,  items  required 
in  the 7f  unctioning.pf  state  government,  such  a  process  is  both 
reasonable  and  indeed  an  efficient  way  to  control  expenditures. 
With  state-of-the-art  scieritific  apparatus,  however,  the  brand-to- 
brand  difference  may  be  far  from  insignificant.  Purchasing 
officers  are  primarily  Interested  in  saving  money,  whereas  the 
scientist's" main  goal  is  to  perform  research.  The  scientist  looks 
for  characteristics  that  might  indicate  that  one  product  is  supe- 
rior to  another;  difficulty  can  arise  when  university  or  state  pur- 
chasing officers  are  not  persuaded  of,  or  do^riot  understand,  these 
subtle  differences  in  instruments  or  other  equipment.  Addition- 
ally, purchasing  officers  sometimes  do  not  understand  the  time 
constraints  on  scientific  experiments.  When  purchasing  officials 
fail  to  see  that  buying  scientific  instruments  or  their  components 
is  different  from  buying  tires  and  batteries,  misunderstandings 
and  a  degree  of  conflict  are  inevitable.  Such  problems  are  not 
confined  to  state  colleges  and  universities,  but  they  are  less 
common  in  private  institutions. 

Competitive  bidding  on  scientific  equipment  may  result  in 
substantial  discounts  or  the  inclusion  of  additional  features,  spare 
parts,  or  expendable  supplies,  which  is  good  for  both  the  univer- 
sity arid'the  sponsor  of  the  research.  But  while  the  Office  of 
Management  and  Budget  Circular  A-110  and  the  Federal  Acquisi- 
tion Regulation  require  competitive  procurement  where  prac- 
ticable, state  law  almost  without  exception  mandates  competitive 
procurement  by  public  universities.  In  some  states,  the  procure- 
ment procedures  apply  with  full  force  to  purchases  by  state  uni- 
versities even  with  nonstdte  funds. 

Some  states  permit  exceptions  to  normal  procurement  stan- 
dards. Competitive  procurement  may  no<  be  retired,  for 
example,  below  a  specified  dollar  value  and  where  the  item  is 
available  from  only  one  source.or  is  needed  in  an  emergency. 
Often,  however,  the  threshold  is  so  low  ($100  in  some  states)  that 
little  scientific  equipment  fall*  below  it.  One  public  university 
must  ask  for  bids  on  all  equipment  costing  more  than  $700,  even 
when  only  one  vendor  can  meet  the  specif  ications.  While  a 
sole-source  exemption  is  useful  in  principle,  its  value  often  is 
limited  severely  by  narrow  definitions  of  the  kinds  of  acquisitions 
and  the  circumstances  of  their  procurement  that  trigger  such 
treatment.  The  investigators  view  that  one  of  several  possible 
suppliers  offers  the  best  or  most  suitable  device,  for  example,  is 
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rarely  enough  to  invpke  the  exemption.  The  adequacy  of  the  alter- 
natives is  usually  determined  by  state  purchasing  authorities  far 
from  the  scene  and  with  little  or  no  scientific  background. 

Exceptions  based  on.emergency  need  are  likewise  of  limited 
utility.  Statesrules  tend  to  define  emergencies  in  terms  of 
protecting  health  and  safety  and  public  property.  Thus,. a  con- 
tract to  replace. a. storm-damaged  roof  may  be  let  promptly  and 
noncompetitiveiy,  but  a  request  to  acquire  equipment  noncompeti- 
tively  to  meet  a  research  deadline  is  likely  to  be  rebuffed.  Strict 
application  bf  state  puchasing, controls  in  this  manner  is  particu- 
larly troublesome:  opportunities  for  sponsored  research  often 
come  on  Relatively  short  notice,  and  the  ability  to  pursue  the  work 
on  a^imely  basis  may  be  critical  to,  obtaining  the  grant  or 
contract. 

State  equivalents  of  "domestic  content"  laws  also  can  present 
problems.  These  iaws  give  in-state  vendors  preference  in  the 
award  of  contracts;  for  equipment  and  services.  Although  a  grow- 
ing number  of  states  exclude  scientific  equipment  from  home- 
state  preference  rules,  the  exceptions  generally  remain  narrow  or 
depend  on  approval  by  state  purchasing  officials. 

,  Public  universities  have  sought  to  ease  the  negative  effects  of 
state  purchasing  controls  in  several  ways.  One  is  the  use  of  a 
university-controlled  foundation  as  a  conduit  for  acquiring 
research  equipment  with  nonstate  funds.  In  a  number  of  states, 
however,  the  ability  af  such  entities  to  operate  outside  the 
framework* of  state  control  has  been  challenged.  Some  states 
have  subjected  university  foundations  to  the  same  purchasing  and 
procurement  rules  that  apply  to  the  universities,  particularly 
where  the  foundation  is  viewed  as  quasi-public.  University  foun- 
dations not  created,  by  statute  are  less  likely  to  be  subject  to 
state  control,  but  some  jurisdictions  have  sought  to  require  even 
these  foundations  to  adhere  to  state  procurement  policies.  There 
are  indications  that  this  poiicy  is  changing,  as  more  and  more 
states  recognize  the  competitive  advantages  of  allowing  their 
public  institutions  to  create  nonpublic  subsidiaries  to  conduct  and 
reap  the  benefits  of  scientific-research. 

State,  procurement  requirements  may  even  extend  to  private 
universities  that  rely  on  funds  from  state-sponsored  bond  issues  or 
debt,  direct  grants,  or  contracts,  in  such  cases,  the  acquisition  of 
equipmentand  services  generally  must  conform  to  the  state  purr 
chasing  act,, although  some  states  follow  the  federal  example  of 
requiring, general  adherence  to  the  principles  of  the  procurement 
rules,  but-not  necessarily -to  every  detail. 

States  frequently  apply  particularly  strict  purchasing  controls 
to  data  processing.and  telecommunications  systems.  These  spe- 
cial controls  were  imposed  after  many  state  agencies  invested 
considekable  su.ms  in^  systems  that  turned  out  to  be  incompatible 
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or  redundant.  The  imposition  of  uniform  standards  and  selection 
criteria  has  been  reasonably  successful  but  is  not  always  suited  to 
computer  and  telecommunications  systems  for  use  in  academic 
research.  In  consequence,  a  number  of  states  have  exempted  such 
equipment  from  special  restrictions,  and  many  allow  waivers  of 
uniformity^stahdards; 

CONTROLS  ON.  USE  OF  EQUIPMENT 

Public  universities  are  commonly  governed  by  "public  pur- 
poses" language  in  the  state  constitution  or  statutes  that  limit 
their  freedom  to  enter  agreements  with  for-profit  entities.  In 
terms  of  the  acquisition  and  use  of  research  equipment,  such 
restrictions  place  the  public  university  at  a  disadvantage  relative 
to  private  universities. 

This  issue  raisesfseveral  complex  questions.  First,  the  very 
concept  of  public  purpose  versus  private  use  is  not  uniformly 
defined;  In  some  states  the  determining  factor  is  the  nature  of 
the  use;  in  others  it  is  the  identity  of  the  user.  Sponsored 
research  is  generally  viewed  as  a  public  purpose.  Where  the 
sponsor  makes  separate  use  of  the  equipment,  however,  or  obtains 
unique  rights  to  results  obtained  with  it,  it  has  been  asked 
whether  a  private  purpose  has  not  overtaken  the  public  one. 
Questions  about  private  use  raise  anticompetitive  issues  as  well, 
owing  to  the  theory  that  use  of  state-funded  property  and  equip- 
ment for  private  purposes  give*  the  user  an  unfair  advantage  over 
private  competitors. 

As  a  result  of  these  constitutional  and  statutory  limitations, 
some  public  universities  have  turned  to  the  creation  of  structural 
appendages  that  are  technically  nonpublic  and  may  even  be  profit 
making.  Several  states  are  actively  encouraging  this  approach  in 
recognition  of  the  need' to  free  their  institutions  from  the  con- 
straints imposed  on  other  public  agencies,  so  that  they  can  com- 
pete more  effectively  in  the  high-technology  marketplace.  The 
creation  of  the  separate  University  of  Connecticut  Health 
Sciences  Research  and  Development  Corporation  was  applauded 
by  the  state  as  a  means  of  strengthening  the  competitive  position 
of  the  university.  Like  the  university  foundations,  however, 
these  appendages  are  not  immune  to  the  risk  of  encouraging  the 
state  to  assert  jurisdiction  over  them. 


FINANCIAL  FLEXIBILITY 

While  state  controls  on  financing,  purchasing,  and  using 
research  equipment  are  important  concerns,  many  public  colleges 
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and  universities  find  that  .tfteir  ability  to.  acquire  and  manage 
equipment  depends  additionally  on  the  degree  of  financial  flexi- 
bility granted  them  under  state  law:and  regulations.  State  uni- 
yersities,  for  example,  may  have  difficulty  transferring  funds 
between  budget  categories  (e.g.,  personnel,  capital,  operations)  to 
take  advantage  of  opportunities  such  as  participation  in, pooled 
equipment  funds.  They  may  be  unable  to  carry  over  unexpended 
iunds  from  one  budget  period  to  the  next.  Many  state  universities 
are  not  permitted  to  pay  matchingxosts  for  equipment  from  tui- 
tion income  or  patient  fees  and  so  draw  on  gift  funds  or  advance 
unrestricted  funds.. 


Financial  Control  Practices 

Financial  control  practices  have  been  assessed^  in  terms  of 
institutional  autonomy  and  grouped  into  two  models:  the  state 
agency  model  and  the  corporate/free  market  model. 

Key  features  of  the  state  agency  model  are  as  follows: 

•  All  funds  (from  federal  and  private  sources  as  well  as  the 
state)  flow.throiigh  the  state  treasury  and  must  be  reappropriated 
by  the  legislature. 

•  All  procurements  are  subject  to  standardized  requirements 
and  centralized  processing. 

•  Detailed  spending  requests  focus  on  objects  of  expenditure. 
Deviations  from  budgets  must  be  approved  in  advance  and 
reported. 

•  Unexpended  funds  are  returned  to  the  state  treasury. 
•r  Changes  with  long-term  fiscal  impact  are  monitored. 

•  Purchasing,  construction,  and  other  costs  of  operations  flow 
through  the  state  gpvernment. 

•  Oversight  is  focused  on  process  (adherence  to  regulations)  as 
opposed  to  product  (quality  of  research  and  education). 

Other  features  may  include  state  control  of  indirect  cost 
recoveries  from  the  federal  government  and  restrictions  on  the 
disposition  of  state-owned  surplus  property.  Indirect  costs  are 
commonly  collected  by  the  state  and  reallocated  to  the  schools  to 
a  degree  that  varies  by  state.  In  many  state  universities,  equip- 
ment purchased  with  federal  funds  becomes  state  property  after 
title  has  beer,  given  to  the  university  and  is  then  subject  to  all  of 
the  arcane  regulations  for  state  property. 

Key  features  of  the  corporate/free  market  model  are  as 
follows? 
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•  .^Institutions  have. complete  control  of  funds,  whatever  the 
source,  including  indirect  cost  recoveries. 

•  State  appropriations, are  madeiin  block  form,  and  the 
institution  has  unbridled  authority  to  contract  for  goods  and 
services  from  outside  sources* 

•  Oversight  is  focused  on  product  as  opposed  to  process. 

•  Auxiliary,  organizations  and  support  activities  are  not 
subjected  to  state  controls. 

A  Recent  -study*  examined  the  financial  flexibility  of  88 
Ph.  Planting, ^  in  *?  states  in  terms  of  the 

ch^actenistics.of  these  models..  The  results  showed  no  differ- 
ences^ admiriistraiiye #  costs,  salaries,  or  complexity  that  cor- 
relate/witli  ^e/degree  of^ate  oversight.  Differences  were 
associated  rather^ith  the  size  pf  the  university,  the  presence  of 
a  m^ical/hp^  graduate  enrollment,  unionization, 

and  ley.ei  of  staie^f  undihg.  ' 

^ore  Jm^rtantly,  public  universities  with  greater  degrees  of 
/autonpmy,tend  to  depend  less  on  state  appropriations  and  to  raise 
more  of  .their  support  from  crther  sources*  federal  and  private. 
This  finding  suggests  that  relief  from  state  regulations  frees 
faculty  and  administrators  to  turn  their  attention  to  more  pro- 
ductive work,  including  development  and  sponsored  research 
activities,  investment  strategies,  and  long-range  financial 
planning  (fostered  by  biennial  budgets  and  retention  of  unexpended 
balances).'  Improvements  in  these  areas  can  directly  benefit  the 
capacity  of  public  universities  to  acquire  and  manage  scientific 
equipment. 


Deregulation,  in  Kentucky 

The  state  of  Kentucky  deregulated  its  institutions  of  higher 
education  in  1982,  with  significant  benefits.6  Kentucky  had  been 
a  "strong  governor"  state  with  centralized, accounting  and 
procurement  for  all  of  higher  education.  The  state  commissioned 
an  independent  study  that  concluded  in  part  that  state  regulation 
was  a  significant  barrier  to  effective  management  of  the  schools 
because  of  frequent1  duplication  of  procedures.  The  study  led  to 
the,passage  of  the  Universities  Management  Bill  (H.B.  622).  The 
bill  afforded  changes  ^regulation  of,  purchasing,  capital  construc- 
tion, accounting  and  auditing,  payroll,  and  affiliated  corporations 
and  foundations.  Each  school-was  given  the  option  of  implement- 
ing any  or  all  .of  thermovisions  of  H.B.  622. 

The  primary  effect  of  the  bill  was  decentralization  of  the 
administration  of  higher  education,  enabling  the  schools  to  man- 
age their  pv/n  affairs,  the  move  has  produced  significant  savings 
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for  both  the  universities  and  the  state  by  eliminating  duplication 
and  freeing  administrators  for  more  productive  work. 

The  University  of  Kentucky,  for  example,  estimates  that  it 
will  save  3500,000  per  year  by  handling  the  purchasing  function 
itself;  $90,000  of  the  savings  comes  simply  from  being  able  to 
avoid  the  state'stores!  9  percent  markup.  By  assuming  the  respon- 
sibility for  capital  construction,  the  university  sbarpiy  reduced 
the  time  required  to  appoint  architects  and  award  contracts;  it 
awarded  $7  million  in  contracts  between  July  15,  1982,  and  March 
1983  with  an  estimated  saving  of '3^5,000  resulting  from  the 
streamlined  procedures.  Smaller  public  institutions  that  do  not 
have  sufficient  administrative  staff  and  resources  to  exploit  the 
provisions  of "H.B.  622. on  their  own  are  forrmftg  consortia  to  dp  so. 

Failure  of 'schools  to  comply  with  the  provisions  Of  the  act 
once  they  elect  to  'follow  it,  or  lack  of  cooperation  among  schools, 
could  jeopardizethe  changes  brought  by  H.B.  6.22.  During  the 
first  two  years  under  the  act,  however,  the  results  were  very 
favorable.  Depending  on  local  circumstances— the  number  and 
size  of  public  colleges  and  universities  and  the  degree  of  cen- 
tralization-Kieregulatidn  as  practiced  in  Kentucky  could  be 
beneficial  in  other  states. 


The  conflict  in  the  roles  played  by  state  governments  vis-a-vis 
academic  research  equipment  is  inherent  to  a  degree  in  the  rela- 
tionship Setween  the  states  and  their  public  colleges  and  univer- 
sities- Nevertheless,  we  believe  that  in  many  cases  the  states 
could  combine  their  broad  roles  as  funder  and  regulator  moi  e 
.atior.siliy  and  could  otherwise  help  to  ease  the  schools1  set  k  us 
problems  with  research  equipment. 

We*  recommend... 

1 .  That  states  assess  the  adequacy  of  their  direct  support  for 
scientific  efr,5pment  in  their  public  and  private  universities  and 
colleges  relative  to  support  from  ether  sources  and  the  stature  of 
their  schools  in  the  sciences  and  engineering.  The  states  cannot 
displace  the  federal  government  as  the  major  funder  of  academic 
research  equipment,  but  judicious  increases,  on  a  highly  selective 
basis,  could  be  extremeh    ^neficial  to  the  scientific  stature  of 
states  while  simultaneously  increasing  th**  effectiveness  of  funds 
available  from  federal  and  industrial  sources. 

Z  That  states  grant  their,  public  universities  and  colleges 
greater  flexibility  in  handling  funds.  Desirable,  provisions  would 
permit  schools  to  transfer  funds  among  budget  categories,  for 
example*  and- to  carry  funds  forward  froui  ona  fiscal  period  to  the 
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next.  Greater  flexibility  would  not  only  improve  the  universities1 
ability  to  deal  with  the  problems  of  research  equipment,  it  would 
also  belikely  to  provide  direct  savings  in  purchasing  and  would 
free  academic  administrators  to  discharge  their  responsibilities 
more  efficiently, 

3.  That  states  examine  the  use  of  their  taxing  powers  to 
foster  academic  research  and  modernization  of  research  equip- 
ment. Tax  benefit  available  under  the  federal  Internal  Revenue 
Code  are  also  available  in  ik  states  whose  tax  codes  automati- 
cally follow  the  federal  code.  Relatively  few  states,  however, 
have  adopted  tax  benefits  designed  to  fit  their  particular  circum- 
stances. , 

That  states  revise  their  controls  on  procurement  to  recog- 
nize the  unusual  nature  of  scientific  equipment  and  its  importance 
to  the  research  capability  of  universities.  Scientific  equipment 
often  is  highly  specialized.  Instruments  that  have  the  same  gen- 
eral specifications  but  are  made  by  different  vendors,  for  example, 
may  have  significantly  different  capabilities.  The  differences, 
furthermore,  may  be  discernible  only  by  experts  in  the  use  of  the 
equipment.  Desirable  revisions  in  state  controls  would  exempt 
research  equipment  from  purchasing  requirements  designed  for 
generic  equipment  and  supplies,  such  as  batteries  and  cleaning 
materials;  would  vest  purchasing  authority  for  research  equipment 
in  individual  colleges  and  universities;  and  would  not  apply  rules 
beyond  those  already  mandated  by  the  federal  government. 

5.  That  states  consider  revising  their  controls  on  debt  financ- 
ing of  scientific  equipment  at  public  colleges  and  universities  to 
permit  debt  financing  of  equipment  not  part  of  construction 
projects,  recognize  the  relatively  short  useful  life  of  scientific 
instruments,  and  relieve  the  one-  and  two-year  limits  on  the 
duration  of  leases. 


1.  North  Carolina  Board  of  Science  and  Technology,  "Recommen- 
dations for  Upgrading  Scientific  Equipment  in  North  Carolinafs 
Institutions  of  Higher  Education"  (Raleigh,  N.C.:  Office  of  the 
Governor,  December  1983). 

2.  P.  Calingaert,  "The  Microelectronics  Center  of  N<  -th 
Carolina— an  Overview,"  Proceedings,  21st  Southeast  Region 
ACM  Conference,  1983  (New  York,  N.Y.:  Association  for 
Computing  Machinery,  1983). 

3.  Washington  Council  for  Postsecondary  Education,  Washington, 
D.C.,  private  communication,  1982,  and  James  R.  Mingle, 
private  communication,  1983  and  1984, 
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The  Universities'  Role  in  the  Acquisition 
and  Management  of  Research  Equipment 


INTRODUCTION 

The  universities'  involvement  with  scientific  equipment  entails 
many  activities  in  addition  to  the  conduct  of  research.  Broadly, 
universities  provide  the  administrative  and  physical  infrastructure 
needed  to  support  research  that  warrants  the  acquisition  of  instru- 
ments and  other  equipment.  More  specifically,  in  varying  degree, 
the  universities  provide  money  for  equipment  from  their  own 
resources,  from  gifts  they  solicit,  and  from  various  forms  of  debt 
financing;  handle  the  purchasing  process;  pay  part  or  all  of  the 
costs  of  operation  and  repair;  maintain  inventories;  help  to 
optimize  the  sharing  of  equipment;  and  handle  disposal  of 
equipment  no  longer  useful  or  needed. 

The  universities'  approach  to  these  functions  is  conditioned  by 
characteristics  unique  to  themselves.  Usually  they  perceive  that 
their  primary  duty  is  to  personnel— students  and  the  faculty 
needed  to  teach  them.  Also,  authority  in  U.S.  universities  is 
highly  decentralized  to  foster  the  freedom  of  inquiry  deemed 
essential  to  first-rate  research  and  teaching.  The  majority  of 
support  for  academic  research  and  the  associated  equipment  is 
obtained  through  competitive  proposals  prepared  by  individual 
faculty  members  or  small  teams  of  investigators.  Systematic 
programs  planned  well  in  advance  are  the  exception,  not  the  rule. 
Much  of  this  support  comes  from  federal  agencies,  so  universities 
must  use  and  account  for  equipment  in  accordance  with  federal 
regulations.  State  universities  in  addition  must  comply  with  state 
regulations. 

These  and  other  characteristics  of  universities  and  their 
research  call  for  procedures  in  acquiring  and  managing  scientific 
equipment  that  generally  differ  from  practice  in  industry  and 
government.  In  this  chapter  we  assess  academic  practice,  identify 
opportunities  for  improvement,  and  consider  industrial  and 
governmental  procedures  that  might  be  relevant  to  academe. 
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ACQUISITION  OF  RESEARCH  EQUIPMENT 


Sources  of  Funds 


Funds  for  academic  research  equipment  come  from  the  federal 
government,  from  the  universities  themselves,  from  state  govern- 
ments, and  from  business  and  other  private  sources  (state  funds 
are  rarely  available  to  private  universities).  The  contributions  of 
each  are  indicated  by  the  NSF  National  Survey  of  Academic 
Research  Instruments,  which  covers  major  instrumentation  sys- 
tems in  use  in  1982-1983.*  The  data  show  that  federal  agencies 
funded  54  percent  of  the  cost  of  acquiring  these  systems,  univer- 
sities 32  percent,  state  governments  5  percent,  business  4  percent, 
and  other  sources  5  percent  (Table  3,  Chapter  2).  Other  NSF  data 
show  that  nearly  two-thirds  (63  percent)  of  .expenditures  for  aca- 
demic research  equipment  in  1983  was  funded  by  federal  agencies 
(Appendix  B). 

Funds  supplied  by  universities  may  involve  some  form  of  debt 
financing,  which  is  covered  in  Chapter  4.  Also,  the  Economic 
Recovery  Tax  Act  of  1981  permits  companies  to  take  special  tax 
deductions  for  scientific  equipment  they  donate  to  universities; 
Chapter  5  includes  guidelines  for  universities  that  wish  to  develop 
a  strategy  for  obtaining  such  donations. 


Competitive  Proposals 

Private  ara  public  universities  alike  rely  principally  on  com- 
petitive pr^josals,  subject  to  some  form  of  peer  review,  to  obtain 
funds  for  research  equipment.  The  decision  to  compete  for  funds 
is  made  by  the  scientist  who  wishes  to  do  the  research,  and  the 
outcome  of  competition  for  federal  funds  cannot  usually  be  pre- 
dicted with  confidence.  A  matching  contribution  toward  equip- 
ment may  be  expected  from  the  university  (see  later  discussion), 
but  usually  it  is  insufficient  without  additional  resources  from  a 
grant,  contract,  or  gift. 

If  the  equipment  costs  more  than  can  reasonably  be  expected 
in  a  normal  research-grant  budget,  scientists  usually  seek  supple- 
mental funds  from  the  department,  college,  or  university,  from 
other  funding  agencies,  and  from  colleagues  who  have  grant  money 
Available  and  need  access  to  the  equipment. 


^Systems  in  use  in  these  years  may  have  been  purchased  in  earlier 
years.  , 
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Scientists  with  common  interests  join  forces  voluntarily  to 
seek  funds, for  equipment  at  most  of  the  univers' \ies  we  studied. 
Such  cooperative  efforts  may  involve  faculty  in  different  depart- 
ments and  even  in  neighboring  universities.  Funding  agencies  sup- 
port these  joint  efforts  because  of  the  quality  of  the  collaborating 
faculty;  further,  each  collaborator  has  apparatus  and  techniques 
that  augment  the  shared  equipment.  This  mode  of  operation  is 
common,  fo^  example,  at  the  Materials  Research  Laboratories 
supported, by. .the  National  Science  Foundation. 

t  Several  scientists  with  common  interests  and  needs  may  be 
able  to  obtain  Support  for  shared,  instrument  facilities  outside  the 
normal  single-investigator  research-grant  process.  NIH,  NSF, 
DOD,  and  DOE  all  have  instrumentation  programs  that  encourage 
or  require  sharing  by  several  qualified  scientists.  These  programs 
often  encourage  or  mandate  ?a  university  contribution  to  the  cost 
of  the  equipment  (see  Chapter  i). 

The  normal  goal  of  a  competitive  instrument-acquisition  effort 
is  to  win  sufficient  funds , to  buy  the  basic  instrument  after  univer- 
sity contributions  and  vendor  discounts  have  been  exercised  to  the 
limit.  Desirable  features  missing  from  the  basic  instrument  are 
acquired  through  funding  efforts  L  subsequent  years.  Often,  how- 
ever, buying  the  complete  package  is  much  more  economical  than 
having  components  installed  later  in  the  field.  If  the  saving  is 
obvious,  the  federal  agency  and  the  university  may  supplement 
their  funding  awards  to  achieve  the  overall  economy. 

We  found  that  scientists  recognize  these  efforts  to  win  grant 
funds,  pool  resources  with  colleagues,  and  convince  department 
heads  and  deans  of  the  value  of  a  university  contribution  as  normal 
and  necessary  procedures  for  obtaining  research  equipment. 


Start-Up  Costs 

The  competitive  grant  system  does  not  provide  funds  for 
equipment  that  must  be  acquired  for  newly  hired  faculty  mem- 
bers. Most  universities  we  contacted  bear  some  such  start-up 
costs,  and  these  costs  for  laboratory  scientists  can  require  major 
financial  commitments  by  universit'es.  They  may  consume 
reserves  equal  to  the  endowment  needed  to  support  a  faculty 
salary  permanently.*  Several  universities  queried  estimated 
instrumentation  start-up  costs  at  $25,000  to  $250,000,  depending 
on  the  faculty  members  discipline  and  academic  level.  Even 
higher  costs  may  be  entailed  by  hiring  faculty  already  established 
as, outstanding  investigators.  A  major  eastern  university  we 
visited  incurred  initial  costs  of  about  $2  million  when  it  hired  an 
established  professor  of  chemistry. 
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High  initial  costs  of  equipment  have  discouraged  universities 
from  entering  certain  research  areas,  such  as  work  involving 
synchrotron  radiatidn,  which  is  now  available  only  at  national 
shared  facilities,  'Universities  also  have  hesitated  to  enter  fields 
where  equipment  is  too  costly  to  obtain  for  one  investigator  and  is 
not  readily  shared  because  of  problems  such  as  contamination  in 
some  kinds  of  ^analytical  chemical  apparatus. 

A  specific  example  of  the  exclusion  of  universities  from 
research  by  high  start-up  costs  is  molecular  beam  epitaxy  (MBE), 
a  means  ofcgrdwing  new  types  of  materials  that  can  be  controlled 
at  the  atomic  scale,  MBE  is  producing  exciting  new  physics  (e.g., 
the  fractional  quantum  Hall  effect)  and  promises  to  produce  new 
types  of ^semicdnductoMevices  eind  very  high  speed  transistors.  A 
number  of  industrial  laboratories  are  working  with  MBE,  but  the 
cost  of  the  equipment— up  to  $1  million— has  barred  all  but  a  few 
universities  from  research  in  this  field. 

Raising  start-up  funds  typically  involves  departmental,  college, 
and  uhiversitywide  administrators.  Funds  are  drawn  from  operat- 
ing budgets  and  augmented  by  endowments,  gifts,  and  flexible 
resources  such  as  the  NIB  Biomedical  Research  Support  Grant. 
The  American  Chemical  Society's  Petroleum  Research  Fund,  the 
Sloan  Foundation,  EXXON's  Centennial  Engineering  Education 
Program,  Atlantic  Richfield's  Aid  to  Education  Grants,  and  the 
recent  NSF  Presidential  Young  Investigator  awards  help  cover 
start-up  costs  in  certain  fields.  The  NIH  Research  Career 
Development  Award  covers  salary  and  thus  helps  with  initial 
costs,  since  salary,  as  well  as  the  costs  of  laboratory  facilities, 
usually  is  the  responsibility  of  the  university. 

Methods  of  allocating  funds  for  faculty  start-ups  will  vary 
with  the  organization  of  the  university,  but  faculty  involvement 
can  help  by  supplying  an  understanding  of  the  special  needs  of  the 
research  community.  At  a  midwestern  university  we  visited,  the 
task  is  handled  by  a  board  of  eight  senior  faculty  members.  The 
board  allocates  about  $2.5  million  per  year  to  faculty  in  research 
support.  (The  university  spent  $96  million  for  separately  budgeted 
R&D  in  1982.)  A  significant  portion  of  this  amount  is  used  to 
acquire  equipment,  and  departments  may  apply  to  the  board  for 
start-up  funding  for  new  faculty. 


Matching  Funds 

Federal  agencies  that  award  funds  for  research  equipment  may 
expect  or  require  the  university  to  make  a  matching  contribution 
toward  the  total  cost  (see  Chapter  1).  Such  matching  is  distinct 
from  the  cost-sharing  arrangements  in  which  universities  pay  part 
of  the  operating  cpsts  of  a  research  project.  Matching  funds  play 
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a  supporting  rather  than  a  leadership  role  in  decisions  to  compete 
lor  grants,  since  the  university  makes  the  award  only  if  the 
scientist  wins  the  co  mpetit  ion.. 

7   Many' state  .universities  are  not  permitted  to  pay  matching 
costs  from  instructional  monies,  instead,  they  draw  on  gift  funds 
or  advance  unrestricted  funds.  Gift  funds  are  used  also  to  pay 
starX^R  costs  for  pew  faculty,  arid  private  donors  may  be  willing 
to  give  matchingrf unds^because  of  their  added  leverage. 

^yeral  universities  told  us  they  had  raised  matching  funds 
.from  donors  and  philanthropic  trusts.  The  added  leverage  and  the 
appeal  of,  so  me  current  technology  help  scientific  equipment  to 
compete  with  other  would-be  beneficiaries,  such  as  athletic 
.programs  ancl  hospitais.  Several,  universities  also  cited  the  ef- 
ficacy of  fund^drives  for  specific  items  of  research  equipment. 

Decisions  on  providing  matching  funds  are  made  differently 
among  universities.  At  some  small  universities  that. have  little 
flexibility  indepa     ental  or  college  operating  budgets,  the  chief 
ex^utive  officer  i  akes  decisions  on  matching  (as  well  as  start-up 
funding).  In  other  cases,  the  deans  make  such  decisions  and  often 
delegate  Budget  planning  to  the  departments  so  the  decisions 
reflect  departmental  priorities.  At  some  universities,  a  faculty 
committee  allocates  the  available  funds. 

Attitudes  toward  matching  also  vary.  Some  universities  vol- 
untarily offer  matching  on  all  major  instrument  proposals  in  the 
hope  that  it  will  improve  their  competitive  stance.  Other  univer- 
sities pursue  more  conservative  practice  by  matching  only  when  it 
is  a  condition  of  receiving  an  award.  We  encountered  some  in- 
stances v/here  matching  funds  were  so  scarce  that  faculty  did  not 
seek  grants  known  to  have  a  mandatory  matching  requirement. 

From  the  faculty  perspective,  the  major  reason  for  an  institu- 
tion, to  provide  matching  funds  is  to  acquire  the  equipment  and 
pursue  the  research  described.in  the  proposal.  Faculty  also  per- 
ceive that  .financial  endorsement  by  the  university  may  make  a 
proposal  more  competitive.  As  implied  above,  however,  some 
universities  would  rather  use  discretionary  funds  in  other  ways, 
Also,  universities  often  are  not  certain  that  matching  funds  are 
necessary  to  obtain  the  grant;  they  see  a  need  for  greater  clarity 
in  agencies1  statements  of  their  matching  requirements. 


Multiyear  Payment 

WJien  the  outright  cost  of  a  piece  of  equipment  is  more  than 
the  funding  agency  can  accommodate  in  one  year,  an  investigator 
may  request  an  advance  against  the  university's  future-year 
capital  funds.  We  encountered  .a  few  instances  where  the  sponsor- 
ing agency  had  approved  a  proposal  to  buy  an  instrument  with 
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funds  advanced  by  the  university  and  recovered  by  charging  annual 
installments  to  the  grant  vas  direct  costs.  The  interest  foregone  is. 
not  recoverable  by  the  university  as  a  direct  or  indirect  cost. 
While  the  agency  may  agree  to  the  principle  of  the  pl  an,  it  does 
hot  guarantee  future-year  funding,  thus  the  university  subsidizes 
the-purchase;and  assumes  significant  risk.  The  burden  of  negoti- 
ation is  also  substantial  for  everyone  involved,  and  the  methpd  is 
not  widely  used.  " 

Another  way  to  obtain  equipment  before  the  fulfc  purchase 
price  is  in  handis  to  combine  funds  from  two  successive  years. 
With  first-year  funds  secured  and  second-year  funds  promised,  the 
university  may  be  able  to  deal  with  'endprs  so  that  payment  can 
be  spread  over  several  years  without  finance  charges.  We  found 
that  scientists  at  some  universities  make  such  arrangements  with- 
out help  from  university  officials.  Faculty  members  said  they 
would  like  to  be  abie  to  do  so  more  formally  by  putting  half  the 
cost  of  a  piece  of  equipment  in  each  of  two  years  of  a,  proposal.. 
We  are  not  aware  of  prohibitions  against  combining  funds  from 
successive  grants,  but  the  percept  ion  is  that  agency  officials  are 
not  sympathetic  to  such  arrangements. 

When  vendor  and  scientist  enjoy  mutual  trust  and  confidence, 
some  vendors  have  agreed  to  multiple-year  payment  plans  without 
formal  leasing  and  without  interest  charges.  This  practice  is 
costly  to  the  vendor,  but  it  may  help  to  consummate  a  sale. 


Leasing 

Leasing  is  a  standard  way  to  spread  payment  for  equipment 
over  several  years.  We  found,  however,  that  principal  investiga- 
tors prefer  to  find  ways  of  obtaining  apparatus  without  resorting 
to  leasing  because  the  ensuing  costs  reduce  flexibility  in  future 
years  of  research  by  obligating  grant  funds  to  cover  lease  costs. 
Carrying  charges  are  high  (typically  above  prime  rate),  and  the 
vendor  is  iess  aggressive  in  discounting  if  a  lease  must  be  ar- 
ranged. Further,  leasing,  like  other  kinds  of  debt  financing,  is 
practical  only  when  income  is  available  to  meet  the  payment  (see 
Chapter  4).  Although  universities  commonly  lease  equipment  such 
as  copying  machines  and  computers,  they  lease  only  a  very  smali 
fraction  of  research  instruments. 

Lease  payments,  in  contrast  to  equipment  purchases,  are 
normally  charged  with  indirect  costs.  This  further  increases  the 
costs  of  leasing;  to  awards,  relative  to  direct  purchase,  by  a 
percenta£e,equ4l,tp  the  indirect  cost  rate.  Some  universities, 
however,  have  dealt  with  this  problem  by  not  charging  indirect 
costs  on  le^ed  ecj^igment;  Excluding  such  payments  from  the 
ndirect  cost  base.belquires  negotiations  with  the  auditors. 
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Many  states  forbid  multiyear  leases  unless  a  nonstate  source 
provides  the  payments;  some  state  schools  have  created  foun- 
dations Resigned  to  overcome  this  and  other  regulatory  barriers^ 
At  Georgia  Tech,  for  example,  multiyear  leases  are  handled  by 
the  Georgia  Tech  Research  Corporation  (GTRC),, a  private, 
not-for-profit  entity.  AlJLexternal  research  funds  at  Georgia 
Tech,  except  funds. provided  by  law,  are  awarded  to  GTRC,  which 
.  alsp  retains  part  of  the  indirect  cost  funds  generated  in  research 
projects.  GTRC  in  part,  buys  and  leases  equipment  and  provides  it 
to  individual, research  programs.  This  procedure  permits  Tech  to 
get  research  equipment  into  the  laboratory  of  tfte  individual 
faculty  investigator  more  quickly,  to  return  obsolete  equipment 
ahd  repiace  it  by  newer  models,  and  to  spread  equipment  costs 
over  multiple  years. 

We  cite  two  other  examples  of  leading  that  we  encountered, 
pne  involved  a  500  MHz  nuclear  magnetic  resonance  (NMR)  spec- 
trometer acquired  through  a  lease  with  an  option  to  purchase 
because  the  funding  agency  would  provide  only  $138,000  per  year 
toward  the  acquisition  of  the  equipment  (an  NMR  of  this  kind 
typically  costs  about  $750,000  fully  equipped).  The  second 
example  was  a  similar  experience  in  the  acquisition  of  a  mass 
spejptrometer  and  an  NMR  spectrometer. 

The  corporate  laboratories  we  visited  preferred  purchasing 
over  leaping  because  businesses  receive  tax  benefits  from  research 
investments  and  from  depreciation  allowances  on  purchased 
equipment.  They  did  lease  some  research  equipment,  such  as 
NMR  and  mass  spectrometers  and  computer  equipment  when  it 
was  being  evaluated  for  long-term  use. 

One  national  laboratory  indicated  that  lease  to  ownership  is  an 
accepted  approach  when  capital  funds  are  unavailable.  The  pri- 
mary consideration  in  selecting  the  financing  method  is  the  inter- 
est charge.  Another  national  laboratory  did  a  lease  versus  purT 
chase  analysis  for  a  computer.  With  direct  purchase  defined  as 
1.0,  the  other  cost  ratios  were  as  follows:  lease  2.01,  lease  with 
option  to.purchase  1.18,  third-party  lease  to  ownership  1.17,  and 
lease  from  vendor  to  ownership  1.40.  Such  analyses  are  valuable 
and  are  done  by  many  universities  when  they  are  considering 
leasing  equipment. 


The  Purchasing  Process 

Universities1  purchasing  procedures  should  help  scientists 
obtain  reliable,  quality  equipment  in  a  timely  and  economical 
manner.  For  purchasing  procedures  to  work  most  effectively, 
purchasing  agents  and  research  faculty  must  understand  each 

others1  needs.  Misunderstanding  can  lead  to  delays  in  acquiring 
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equipment,  which  can  result  in  higher  prices  and  can  also  severely 
hamper  research. 

When  buying  federally  funded  equipment,  universities  must 
comply^with  federal  .acquisition  policies  prescribed  particularly  by 
OMB  Circular  A-l  10,  Attachment  O  for  grants,  and  the  Federal 
Acquisition  Regulation  for  contracts  (see  Chapter  1).  State  uni- 
versities additionally  must  comply  with  state  purchasing  regula- 
tions (see  Chapter  2).  State  regulations  often  are  more  restrictive 
than,  the  federal  regulations,  and  private  universities  generally 
enjoy  substantially  greater  flexibility  than  public  universities  in 
purchasing  scientific  equipment. 

Purchasing  agents  can  be  extremely  helpful  in  the  acquisition 
process.  Creative  and  aggressive  purchasing  agents  can  negotiate 
volume  uiscounts  and  payment  alternatives  that  provide  substan- 
tial savings  on  grants  and  contracts.  We  were  told  of  universities 
that  have  purchasing  agents  knowledgeable  and  concerned  about 
the  issues  involved  in  acquiring  scientific  equipment.  Many  fac- 
ulty members  at  other  schools,  however,  indicated  that  uninformed 
purchasing  agents  are  a  significant  problem.  The  North  Carolina 
Board  of  Science  and  Technology  recommended  in  December  1983 
that  the  state  purchasing  organization  arrange  continuing  educa- 
tion programs  for  state  purchasing  agents  who  handle  scientific 
equipment  and  assign  an  existing  purchasing  agent  to  specialize  in 
scientific  equipment;  the  board  recommended  also  that  public 
institutions  make  a  special  effort  to  educate  faculty  in  purchasing 
procedures  for  equipment. 


MANAGEMENT  OF  RESEARCH  EQUIPMENT 

We  examined  academic  management  practice  in  budgeting  and 
planning  for  research  equipment  as  well  as  in  operation  and  main- 
tenance, inventory  systems,  and  replacement  and  disposition.  The 
nature  of  universities— their  decentralized  organization  and  unique 
system  of  shared  gc  •ernance— doubtless  impedes  orderly  manage- 
ment in  the  corporate  style.  Still,  we  observed  that  some  prac- 
tices on  campus  clearly  ease  problems  with  equipment  more  effec- 
tively than  others,  so  greater  attention  to  management  would 
seem  to  be  in  order.  Our  findings  indicate  that  universities  would 
benefit  from  stronger  efforts  to  improve  their  internal  communi- 
cations. Public  universities  are  obliged  by  state  regulations  to 
deal  with  equipment-management  matters  that  do  not  normally 
concern  private  universities;  these  additional  complications  are 
covered  in  Chapter  2. ' 
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Budgeting  and  Planning 


Budgeting  and, planning  in  industry  and  in  universities  differ 
significantly.  In  industry,  budgeting  and  planning  often  start  sev- 
eral months  (or  years)  before  the  year  in  which  expenditures  are 
to  be  madej  industrial  laboratories  have  reasonable  control  of 
funding,  planning,- and  scheduling,  subject  only  to  corporate  strate- 
gies and  decisions.  Universities  are  differently  situated.  Although 
they  routinely^ plan  instructional  programs  in  advance  of  the 
academic. year  and  capital  building  programs  several  years  in 
advance,  most  of  their  scientific  equipment  is  funded  from  com- 
petitive grants  and  so  is  not  readily  amenable  to  planning.  While 
the  competition  is  deemed  necessary  to  assure  that  the  best 
research  is  supported,  barriers  to  planning  are  inherent  in  the 
system  of  competitive  proposals. 

Usually  the  outcome  of  a  grant  proposal  is  not  known  until  a 
few  weeks  before  the  research  is  started.  Some  agencies,  in  fact, 
are  unable  to  meet  grant  renewal  and  award  deadlines,  and  univer- 
sities often  take  risks tby  carrying  minimumxosts  to  keep  a  re- 
search team  together  while  awaiting  the  final  terms  of  an  award. 
The  short  term  (seldom  more  than  three  years)  of  grants  and 
contracts  also,  makes  planning  difficult.  Further,  the  individual 
researcher  is  always  subject  to  congressional  or  agency  decisions 
on  the  continuation  and  level  of  funding  of  federal  programs. 
Investigators  at  several  schools  cited  decisions  by  federal  agen- 
cies, as  a  result  of  congressional  cuts,  that  required  significant 
changes  in  plans  to  acquire  new  equipment  as  well  as  in  manage- 
ment practices  for  existing  equipment, 

The  larger  block  grants,  such  as  NIH  program  project  grants 
and  grants  to  NSF  regional  and  national  facilities,  offer  more 
opportunity  for  planning  (see  Chapter  1).  The  involvement  of 
more  scientists  with  a  common  purpose,  a  strong  incentive  for 
sharing,  and  longer  term  (five  year)  awards  all  encourage  plan- 
ning. Several  universities  cited  such  core  support  grants  as 
particularly  useful  in  providing  stability,  permitting  some 
mid-term  planning,  and  addressing  the  equipment  problem  in  an 
orderly  fashion. 

Universities  appear  to  be  increasing  their  attempts  to  formal- 
ize equipment  funding  processes  with  faculty  involvement  in  al- 
location of  university  resources.  Two  universities  told  us  of 
internal  capital  funding  and  resource  allocation  boards  that 
attempt  to  identify  specific  needs  for  capital  equipment  and  plan 
to  meet  them.  No  university,  however,  described  a  process  as 
long  or  as  detailed  as  those  in  national  laboratories  or  in  industry. 

One  industrial  department  head  described  a  model  designed  to 
calculate  the  costs  of  equipping  a  typical  engineer  with  capital 
items.  The. model  does  not  consider  inflation  or  equipment 
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upgrade,  but  does  provide  for  replacing  equipment  after  three 
years; it  calculated  start-up  cost  at  $1*5,000  to  $160,000  per 
engineer*  The  model  was  described  as  having  several  advantages: 
it  eased  the  calculation  of  equipment  requirements;  once  ac- 
ceptedi  it  madetfunding  for  capital  equipment  easier  to  obtain 
from.higher  management;  and  it  aided  both  morale,and  produc- 
„  tivity.  We' found  no  university  that, can  exercisersimilar  control 

over;  funding  for  research  equipment.  We  feel  that  most 
universities,  however,  can  better  organize  their  procedures  for 
supplying  matching  funds  and  establish  clear  criteria  for 
allocation  of  such  funds. 


Investment  in  People 

Universities,  if  forced  to  choose,  generally  will  use  available 
funds  to- retain  faculty  and  graduate  students  in  preference  to 
buying  equipment.  This  attitude  is'in  keeping  with  the  schools1 
dual  mission— education  and  research— which  emphasizes  people 
and  requires  the  long  view.  To  build,  or  to  rebuild,  a  faculty  takes 
decades.  Industrial  laboratories  tend  to  be  more  ready  to  lay  off 
personnel,  despite  the  potential  impact,  or.  their  capabilities,  and 
will  invest  in  automating  research  equipment.  Automation  is  not 
as  essential  in  universities,  where  graduate  students  change 
samples  over  nights  and  weekends.  Universities  report  risking 
funds  to  keep  research  teams  together  for  a  time  between  grants 
in  the  hope  that  support  for  them  will  materialize;  the  funds  so 
invested  are  invariably  for  personnel,  so  equipment  budgets  may 
be  sacrificed  to  keep  a  team  intact. 


Operation  and  Maintenance  of  Research  Equipment 

Operation  and  maintenance  of  academic  research  equipment 
are  serious  management  issues  at  every  university  we  visited. 
Some  universities  do  an  excellent  job  of  keeping  research  equip- 
ment in  good  repair  and  have  qualified  staff  to  operate  it  when 
appropriate;  others  leave  much  to  be  desired.  All  find  the  task  a 
strain  on  their  resources. 

The  NSF  instrument  survey  included  a  departmental/facility 
assessment  of  instrumentation  support  services.  Some  49  percent 
said  their  services  were  inadequate  or  nonexistent,  39  percent 
said  they  were  adequate,  while  only  1 1  percent  said  they  were 
excellent  (Figure  6). 

Another  survey,  submitted  to  the  National* Science  Board, 
indicated  that  72  percent  oithe  respondents  relied  primarily  on 
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Excellent. 


Nonexistent 


FIGURE  6 
Department/Facility  Assessment  of 
InstrumentationSupport  Services 
1982-1983 


Adequate 


Insufficient 


SOURCE.  Division  of  Science  Resources  Studies,  National  Science  Foundation. 
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departmental  support  services  (computer  and  other  electronic 
repairs,  glass  shop,  machine  shop,  mechanical  shop,  other  general 
repairs,  etc,),2  The  usage  of  support  services  was  higher  in  public 
than  in  private  universities. 

Over  the  service  life  of  equipment,  total  operating  and  main- 
tenance costs  will  frequently  exceed  the  purchase  costs.  One  of 
the  NSF  Materials  Research  Laboratories  has  found  over  the  years 
that  operation  and  maintenance  of  its  central  facilities  cost  about 
1.5  times  the  amount  it  spends  in  the  same  year  on  new  equipment. 
NSF  data  on  departments/facilities  sHow  that  about  15  percent  of 
annual  instrumentation-related  expenditures  in  1982-1983  were 
devoted  to  maintenance  and  repair  (Table  5). 

We  encountered  many  cases  where  universities  had  to  decline 
gifts  of  research  equipment  because  they  could  not  afford  to 
operate  it.  One  university,  for  example,  declined  a  gift  of 
computer-aided  design  equipment  because  it  would  have  cost 
$170,000  per  year  to  operate. 


Recognition  of  Costs 

Not  all  university  administrators  appreciate  the  high  costs  of 
maintaining  and  operating  research  equipment,  nor  do  they  budget 
for  them.  One  state  university,  for  example,  received  $10  million 
over  five  years  from  the  state  government  to  purchase  equipment 
(not  all  was  used  for  research  equipment;  some  went  for  teaching 
apparatus).  Adequate  funds  for  maintenance  and  operation  were 
not  available  in  the  university's  budget,  even  when  the  equipment 
was  used  for  teaching,  nor  was  the  faculty  Attracting  sufficient 
grant  money  to  meet  these  costs.  !n  consequence,  much  of  the 
equipment  is  not  regularly  available  for  use. 


Technical  Support  Staff 

Technical  support  staff  is  an  important  issue.  Many  academic 
departments  traditionally  have  not  used  research  technicians; 
rather,  the  practice  has  been  for  graduate  and  postdoctoral 
students  to  work  with  faculty  repairing  equipment,  often  at 
considerable  expenditure  of  time.  While  some  of  this  activity  is 
educational,  a  great  deal  of  it  is  not  and  distracts  effort  from 
research.  In  any  event,  as  research  equipment  becomes  more 
sophisticated,  more  permanent  technical  support  people  become 
necessary.  It  can  be  difficult,  however,  to  attract  competent 
support  people  to  universities.  They  are  usually  less  well  paid 
than  in  industry  and  do  not  find  the  sameattractions  at  a  univer- 
sity as  the  faculty  do.^Spwtfl  numbers  of  faculty  Irequently 
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TABLE  5  Instrumentation- 
Field  (Dollars  in  Millions) 


Related  Expenditures  in  Academic  Departments  and  Facilities  in  1982-1983,  by 


Total,  Selected  Fields 

Agricultural  Sci. 

Biological  Sci.,  Total 
Graduate  Schools 
Medical  Schools 

Environmental  Sci. 

Physical  Sci. 

Engineering 

Computer  Sci. 

Materials  Sci. 

Interdisciplinary,  not 
elsewhere  classified 


Total 


Purchase  of 
Research 
Equipment 

$500  or  more 


Purchase  of 
Research-Related 
Computer 
Services 


$640.6  (100%) 

$414.5 

40.6  (100%) 

28.4 

192.3  (100%) 

132.4 

79.0  (100%) 

51.8 

113.3  (100%) 

80.5 

49.6  (100%) 

33.4 

151.3  (100%) 

91.2 

146.6  (100%) 

86.5 

29.7  (100%) 

19.7 

12.4  (100%) 

9.6 

17.8  (100%) 

13.3 

(65%) 
(70%) 
(69%) 
(66%) 
(71%) 
(67%) 
(60%) 
(59%) 
(66%) 
(77%) 
(75%) 


Maintenance/ 
Repair  of 
Research 
Equipments 


$121.3 

(19%) 

$104.8 

(16%) 

7.3 

(18%) 

5.0 

(12%) 

27.8 

(14%) 

32.2 

(17%) 

13.2 

(17%) 

14.0 

(18%) 

14.5 

(13%) 

18.3 

(16%) 

6.9 

(14%) 

9.3 

(19%) 

31.9 

(21%) 

28.2 

(19%) 

41.3 

(28%) 

18.8 

(13%) 

3.6 

(12%) 

6.4 

(21%) 

0.6 

(4%) 

2.3 

(18%) 

1.9 

(11%) 

2.6 

(14%) 

^Estimates  encompass  expenditures  for  service  contracts,  field  service,  salaries  of  maintenance/repair 
personnel,  and  other  direct  costs  of  supplies,  equipment,  and  facilities  for  servicing  of  research  instruments. 

NOTE:  Sum  of  percents  may  not  equal  100  percent  because  of  rounding. 

SOURCE:  National  Science  Foundation,  National  Survey  of  Academic  Research  Instruments  and 
Instrumentation  Needs. 
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allocate  the  cost  of  a  technician's  salary  emong  their  grants,  bui 
grant  or  contract  funds  are  often  so  uncertain  as  to  bar  long-term 
career  stability  for  technicians.  The  block  funding  and  central- 
ized operations  of  the  NSF  Materials  Research  Laboratories  are 
an  excellent  solution  to  this  problem  for  research  that  can  be 
funded  in  this  mode. 


User  Charges 

It  is  common  practice  to  attempt  to  cover  the  salaries  of 
equipment-support  personnel  and  the  costs  of  operation  and 
maintenance  through  user  charges.  The  amount  of  use  is  often 
hard  to  predict,  however— new  facilities  of  ten  require  some  time 
to  reach  a  full  level  of  use— which  makes  it  difficult  to  set  appro- 
priate rates.  High  user  fees  t^nd  to  reduce  the  use  of  equipment 
and  can  actually  reduce  total  income  to  the  facility  and  make  it 
available  only  to  the  best  funded  potential  users.  We  heard  fre- 
quently that;  user  fees  considered  optimal  by  the  people  running 
the  facility  do  not  cover  the  costs  of  operation.  We  rarely  found 
that  user  fees  paid  the  operating  costs  of  shared,  central-facility 
research  equipment.  The  NSF-supported  Materials  Research 
Laboratories  have  much  experience  with  this  type  of  operation; 
typically,  they  find  it  necessary  to  subsidize  20  to  30  percent  of 
the  operating  and  maintenance  costs  of  their  central  facilities 
from  core  grants. 


Regulatory  Issues 

A  general  difficulty  with  user  charges  is  that  what  is  true  at 
one  institution  is  not  necessarily  true  at  another,  although  both 
are  operating  under  the  same  federal  regulations.  The  problem 
lies  in  the  inconsistent  and  often  conservative  interpretation  of 
the  regulations  by  both  federal  and  academic  officials  (see 
Chapter  I). 

Specifically,  we  encountered  a  faculty  member  at  one  univer- 
sity who  had  been  able  to  charge  his  various  research  grants  in 
advance  for  access  to  research  equipment,  and  so  knew  at  the 
beginning  of  the  operating  period  that  the  full  operating  costs 
would  be  coveted.  When  a  similar  prepayment  or  subscription 
plan  for  instrument  use  was  tried  at  another  university,  the 
federal. auditors  would  not  allow  it.  Whether  the  difference  was 
due  to  a  substantive  difference  of  process  (of  which  we  are 
unaware)  or  to  the  way  the  plan  wao  explained  to  the  auditors,  we 
were  unable  to  ascertain. 
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OMB  Circular  A-21  prohibits  providing  use  of  equipment  to 
anyone  at  lower  cost  than  to  government  grants  or  contracts. 
This  prohibition  often  interferes  with  maximum  use  of  equipment- 
it  is. not  possible,  for  example,  to  provide  low  cost  or  free  use  of 
research  equipment  for  instructional  purposes  while  billing  federal 
grants  and.contracts  at  a  higher  rate  (low  rates  can  be  charged 
duringrlow-ruse  periods,  such  as  from  midnight  until  6  A.M.,  so 
long  as  all  users, are  treated  equally).  One  university  pointed  out 
a  common  solution  to  this  problem  for  computing  centers.  Like 
every  other  academic  computer  center  we  encountered,  the  one 
at  this  school  required  a  university  subsidy  to  break  even.  The 
university  budgeted  this  subsidy  as  an  allocation  to  users  who 
could  not  afford  the  full  rates,  rather  than  applying  it  to  an 
across-the-board  reduction  of  rates. 


Physical  Infrastructure 

The  operation  and  maintenance  of  research  equipment  depend 
on  the  physical  infrastructure  for  research.  The  infrastructure 
includes  fume  hoods,  electrical  supply  and  insulation,  sound 
isolation,  air  conditioning,  numerous  kinds  of  support  equipment, 
such  as  oscilloscopes,  leak  detectors,  and  machine  tools  (e.g., 
lathes  and  milling  machines),  service  and  maintenance  facilities, 
as  well  as  the  buildings  that  house  research  laboratories. 

We  saw  many  1950s  vintage  oscilloscopes  at  universities  and 
relatively  few  modern  ones;  most  of  the  machine  tools  in  uni- 
versities were  acquired  well  over  20  years  ago,  often  as  surplus, 
and  are  at  the  point  of  needing  replacement.  When  funds  are 
scarce,  federal  agencies  tend  to  support  equipment  that  will  be 
used  directly  in  the  research  they  fund;  the  less  glamorous  items 
are  essential,  but  not  as  easy  to  find  support  foj  •  Federal  agencies 
once  funded  this  kind  of  equipment  but  no  longer  support  its  inclu- 
sion in  project  budgets.  The  universities  mighi  buy  it  and  recover 
a  portion  of  the  costs  attributable  to  organized  research  through 
the  indirect  cost  pool,  but  .universities  are  under  intense  pressure 
to  hold  down  indirect  costs.  Also,  cost  recovery  takes  15  years  at 
the  federal  use  allowance  of  6  2/3  percent  per  year. 


University  Maintenance  Facilities 

None  of  the  universities  we  visited  had  the  service  and 
maintenance  infrastructure  found  in  most  large  government  and 
industrial  laboratories.  Many  faculty  expressed  the  desire  for 
some  university  facility  to  maintain  research  equipment,  but  we 
found  successful  examples  of  such  facilities  to  be  rare.  The  one 
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university  wide  facility  that  seems  to  work  well  is  Iowa  State1./ 
REAP  program  (see  discussion  below  under  Optimization  of  Use). 

We  think  there  may  be  several  reasons  for  this  situation* 
Where  individual  research  grants  pay  most  of  the  costs  through 
user  charges,  the  uncertainty  of  income  is  a  barrier.  A  university 
is  not  typically. a  geographically  focused  enterprise,  so  a  central 
maintenance  facility  may  be  practiced  at  some  institutions  and 
not  at  others.  Also,  the  increasing  complexity  and  specialization 
of  research  equipment  means  that  service  people  must  be  cor- 
respondingly specialized.  The  result  is  a  greater  tendency  to  rely 
on  manufacturers'  service  representatives.  This  solution  may  be 
best  in  large  urban  areas;  in  more  isolated  areas,  faculty  may 
have  to  service  the  equipment  themselves  or  rely  on  university 
resources.  University-subsidized  facilities  can  relieve  individual 
faculty  and  departments  of  financial  responsibility  they  may  have 
difficulty  meeting. 


Service  Contracts 

Service  contracts  for  most  research  equipment  usually  cost 
about  10  percent  of  the  purchase  price  per  year.  When  equipment 
is  shared  among  a  small  number  of  faculty  and  research  grants,  it 
is  common  practice  to  allocate  the  costs  of  a  mainter.ance  con- 
tract. We  learned  at  some  universities,  however,  that  investiga- 
tors could  not  afford  service  contracts  on  equipment  and  were 
gambling  that  costly  service  would  rot  be  needed.  Some  manufac- 
turers will  give  discounts  on  service  contracts  if  a  university 
issues  a  purchase  order  for  servicing  all  its  equipment  on  the 
campusj  we  learned  of  disccunts  on  the  order  of  20  percent. 
Manufacturers  also  may  give  discounts  for  payment  at  the  begin- 
ning rather  than  the  end  of  the  service  year;  in  one  instance  the 
discount  was  10  percent. 


A  reliable  inventory  of  university-purchased  research  equip- 
ment can  be  used  to  ensure  proper  recovery  of  indirect  costs  (see 
Chapter  1).  Many  of  the  universities  we  studied  had  paid  little 
attention  to  inventory  system***  most  have  just  developed  or  are 
still  developing  such  systems.  Several  academic  administrators 
reported  that  their  inventory  system*  were  used  to  screen  pur- 
chase orders  and  avoid  duplication,  but  it  was  not  clear  that  this 
application  was  useful.  Only  one  university  we  visited,  Iowa 
State,  routinely  uses  an  inventory  system  to  facilitate  sharing  of 
equipment  (see  section  below  on  Optimization  of  Use). 


Inventory  Systems 
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The  REAP  inventory  includes  only  3  percent  of  Iowa  State's 
general  inventory.  The  other  university  inventory  systems  we 
learned  about  included  all  equipment  capitalized  (commonly  at 
$5Q0  or  more)  and  were  very  expensive  to  implement.  One 
,  *    university,  for  example,  has  been. working  for  two, years  to  set  up 
a  system  at  a  cost  of  *  more  than  $200,000;  the  provost  estimates  a 
steady  state  operating  cost  of  $10,0,000  per  year.  A  second 
inventory  system  requires  eight  full-time  employees  in  steady 
state  and  is  highly  automated,  with  a  bar-code  label  on  all 
property.  When  fringe  benefits  and  overhead' are  added  to 
salaries,  the  cost  is  about  $350,000  per  year,  plus  computer  time. 
A  third  institution  estimates  a  cost  of  about  $10,000  per  month 
just  to  maintain  the  data  base  and  thinks  it  would  be  prohibitively 
expensive  to  develop  a  system  useful  for  facilitating  sharing  of 
research  equipment. 

These  inventory  systems  are  compiled  by  nontechnical  people 
and  do  not  contain  the  information  scientists  must  have  about 
equipment  to  assess  its  utility.  Except  at  Iowa  State,  all  faculty 
we  asked  had  only  negative  comments  about  the  use  of  inventories 
to  promote  sharing. 


National  Laboratory  Systems 

The  two  national  laboratories  we  queried  have  developed  effec- 
tive inventory  systems  that  contain  information  on  the  capabil- 
ities and  current  state  of  repair  of  equipment.  Data  are  entered 
by  scientifically  trained  people.  Staff  scientists  can  call  up  the 
inventories  on  their  computer  terminals,  and  they  are  useful  in 
promoting  sharing  of  equipment.  The  labs  also  have  used  their 
inventories  to  argue  for  the  replacement  of  old  equipment,  and 
managers  felt  this  information  was  instrumental  in  persuading 
Congress  to  fund  the  Department  of  Energy  Utilities  and  Equip- 
ment Restoration,  Replacement,  and  Upgrade  Program  (see  the 
following  section  on  Replacement  and  Disposition). 


Replacement  and  Disposition  of  Research  Equipmert 

Replacement  of  research  equipment  with  state-of-the-art 
models,  and  disposition  of  worn  or  unneeded  equipment,  also  are 
significant  management  problems  in  universities.  Replacement  is 
extremely  costly:  data  from, the  NSF  instrument  survey  indicate 
that  equipment  in  use  in  1982-1983  has  a  replacement  cost  today 
that  is  about  50  percent  greater  than  its  original  acquisition  cost. 
Further,  inadequate  disposition  procedures  can  hamper  optimum 
use  of  equipment  and  entail  costs  that  might  be  avoided. 
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Universities,  as  we  have  seen,  do  not  plan  their  purchases  of 
research  equipment  in  the  same  way  that  government  or  industry 
does.  They  have  no  programs  like  the  DOE  Utilities  and  Equip- 
ment Restoration,  Replacement,  and  Upgrade  Program,  which  has 
been  funding  replacement  of  popr  and  inadequate  equipment  in 
defense-related  national  laboratories  since  1982.  Sandia,  Los 
Alamos,  and  Lawrence  Liver  more  national  laboratories,  for 
example,  will  receive  about  $43^.9  million  through  this  program, 
which  is  projected  to  end  . in  1988.  Many  industrial  laboratories 
also  replace  scientific  equipment  systematically.  For  reasons  of 
obsolescence  and  taxes,  they  depreciate  equipnent  on  an  accel- 
erated basis  and  often  replace  it  as  soon  as  it  has  been  fully 
depreciated,  even  if  it  is  still  useful. 

Universities  face  difficulties  in  orderly  replacement  and 
nr  ^dernization  of  research  equipment.  Th^y  pay  no  taxes  and  so 
gain  he  tax  advantages  by  depreciating  equipment.  They  can 
collect  a  use  allowance  (6  2/3  percent  per  year),  or  depreciation 
(at  a  higher,  negotiated  rate)  over  the  useful  life  of  the  equip- 
ment, as  an  indirect  cost  of  research  under  OMB  Circular  A-21, 
but  both  faculty  and  funding  agencies  are  exerting  considerable 
pressure  to  limit  indirect  costs.  Depreciation  or  the  more  com- 
mon use  allowance,  moreover,  can  be  collected  only  for  equipment 
purchased  with  nonfederal  funds  and  so  plays  no  role  in  replacing 
the  majority  of  research  equipment,  which  is  purchased  with  fed- 
eral, grant  or  contract  funds.  Furthermore,  DHHS  auditors  inter- 
pret OMB  Circular  A-21  so  that  universities  that  convert  from  use 
allowance  to  depreciation* part  way  through  the  life  of  equipment 
must  then  value  it  as  if  they  had  used  the  same  rate  of  deprecia- 
tion, rather  than  the  iower  use  allowance,  since  acquiring  the 
equipment.  This  requirement  imposes  a  significant  financial 
penalty  for  conversion  (see  Chapter  1). 

Assessing  user  charges  to  amortize  the  replacement  of  equip- 
ment is  rarely  practical,  and  recovery  of  purchase  costs  is  not 
allowed  for  equipment  bought  with  government  funds.  We  found 
no  case  ./here  equipment  purchase  costs  were  fully  recovered 
through  user  charges.  One  problem  is  that  the  necessary  charges 
may  be  higher  than  most  grants  can  support.  Recovery  cf  pu;- 
chase  costs  is  being  attempted  in  one  electron  microscope  facility 
we  know  cf,  where  the  user  charge  will  be  $/5  an  hour  when  the 
debt-service  costs  are  included.  Other  electron  microscopes  on 
the  campus,  v/hich  recover  only  operating  and  maintenance  costs, 
charge  $35  an  hour. 

A  further  bar  to  systematic  replacement  and  modernization  is 
that  investigators1  needs  can  change  rapidly  as  new  research 
opportunities  arise.  Additionally,  when  faced  with  tight  budgets, 
investigators  tend  to  fund  people  and  look  for  equipment  jn  the 
next  review  cycle. 
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The  situation  is  different  for  centralized  equipment  with  many 
users  and  for  service  equipment  in  the  university  infrastructure 
that  needs  to  be  kept  up  to  date.  When  the  task  involves  more 
than  the  cooperative  effort  of  a  few  investigators  or  a  depart- 
ment, *then;someam^  planning  is  tailed  for.  Still,  we 
found  no  plans  for  systematic  replacement  of  such  equipment. 
With  the  present  strained  budgets  of  most  universities,  the 
problems  are  dealt  with  only  when  they  become  crises. 


Disposition  Issues 

Among  important  issues  in  disposition  is  the  lack  of  incentive 
to  transfer  equipment  between  investigators  at  the  same  or  dif- 
ferent universities.  Some  still-useful  equipmentJs  transf erred 
informally  within  universities  by_using  barter  payment.  One 
university*  ior  examplercirculates  a  newsletter  advertising 
equipment  that  is  sought  or  available  for  barter  payment.  Under 
the  present  system,  however,  faculty  at  most  universities  have  no 
incentive  to  transfer  equipment- other  than  the  need  for  space 
(which,  like  equipment,  warrants  careful  management).  Faculty 
have  every  incentive  to  keep  equipment  in  case  it  might  someday 
be  heeded  again;  only  at  Iowa  State,  among  the  schbols  we  visited, 
was  much  equipment  relinquished.  This  lack  of  incentive  to  trans- 
fer is  a  barrier  to  optimum  use,  since  the  equipment  may  be  more 
valuable  to  a  laboratory  other  than  the  original  recipient.  Agen- 
cies and  academic  administrators  could  do  more  to  facilitate 
transfer  of  equipment  from  one  researcher  £o  another  by  means  of 
incentives  in  the  form  of  savings  to  the  receiver  and  tewards  to 
the  donor. 

One  might  imagine  the  transfer  of  useful  equipment  at  bargain 
prices  within  or  between  universities.  The  main  obstacle  seems  to 
be  that  such  sales  could  result  in  charging  the  government  twice 
for  the  same  equipment.  If  allowed,  the  practice  would  yield 
income  for  activities  that  support  the  original  sponsor's  mission. 
Formalizing  the  procedure  on  a  larger  scale  would  encourage 
more  efficient  use  of  many  items  of  research  equipment. 

Disposal  procedures  at  universities  require  attention.  The 
administrator  of  a  large  academic  laboratory  reported  that 
procedures  for  disposing  of  equipment  that  is  not  needed  are 
frequently  time  consuming  and  complicated.  While  questions  of 
title  and  disposal  are  bsingworked  put,  the  lab  must  store  the 
equipment  at  a  cost  of  J>I5iper  square  foot  per  year.  The 
-administrator  felt  that  the  lab's  operating  funds  could  be  better 
spent.  He  cited  inadequate  administrative  support,  for  an 
efficient  disposal  system  as  a  significant  contributor  to  the 
problem.  We  learned  of  a  case  at  another  university  where 
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excessive  administrative  delay :by  the  surplus  property  office 
prevented  researchers,  from  realizing  a  good  price  on  sale  of 
equipment* 

Many  universities, have,  an  administrative  entity  assigned  to 
dispose  pf:  equipment  that  qo  one  wants.  In.  our  investigations,  it 
was.seldom  praised.  The* major  exception  .is  the  REAP  organiza- 
tion at  Iowa  State,  whic^was  highly  praised  for  its  efforts  on 
disposal  and  salvage  of  surplus  equipment. 


OPTIMIZATION  OF  USE 


Sharing'Equipment 

Sharing  cf  research-equipment  is  a  straightforward  way  to 
ease  equipment;problems  in  universities  and  is  commonly  prac- 
ticed. The  degree  of  sharing  that  is  required  or  is  feasible,  how- 
ever, varjes  greatly. among; fields  of  research;  important  deter- 
minants include, the  cost  and  .nature  of  theequipment  and  the 
characteristics  of/academic  science. 

The  higher  the  costs  of  obtaining  and  operating  a  piece  of 
equipment,  the  higher  are  the  pressures  to  share  it.  Thus  sharing 
by  many  users  has  Jong  been  characteristic^  facilities  in  high 
energy  .and,  nuclear  physics  and  in  optical  and  radio  astronomy. 
The  principle  is  ev'Jent  in  NSF  data  on  academic  facilities  in  use 
in  1982-1983.  Thejriean  number,  of  users  was„27  for  equipment 
costing,$75,600  to  $1,000,000,  1*  for  equipment  costing  $25,000 
to  $74,999,  and  12  for  equipment  costing  $10,000  to  $20,999 
(Figure 7,).  The  same  data  show  that  60  percent  of  academic 
instrument  systems  costing  $75,000  to  $1,000,000  were  locaced  in 
shared-access  facilities  (Figure  8). 

The  natur.e  of  the, research  and  the  equipment  sometimes  works 
against  sharing.  The  research  may  require  modifications  to  equip- 
ment that  rrial:e  sharing  impossible,  or  it  may  simply  require  full- 
time  use  of  the  equipment  on  one  project.  When  apparatus  is  con- 
taminated by.  samples,  as  occurs.in  molecular  beam  epitaxy 
machines  or  certain  chemical  analytical  apparatus,  for  example, 
sharing  is  neither  practical  nor  effective. 

Further,  the  characteristics  of  academic  science  are  not  gen- 
erally conducive  to  unlimited  sharing  of  resources.  While  more 
collaboration  as  well  as  more  sharing  of  research;  equipment  would 
be  desirable  in  some  situations,  emphasis  on  individual  creativity 
and  scholarship,  is. essential  to  the  vitality  of  the  university.  Crea- 
tive research  is  frequently  a, solitary  activity,  and  it  often  requires 
dedicated  equipment..  Professors  are  judged  by  their  contributions 
as  individuals,  which  t&nds  to  discourage  collaborative  efforts. 
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FIGURE  7  ■ 
Mean  Number  of  Instrument  System  Users 
by  Purchase  Cost 
1982-1983 
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FIGURE  8 

Percentage  of  Academic  Research  Instrument  Systems 
Costing  $75 ,000-$  1,000,000 
Located  in  Shared-Access  Facilities 
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Computers,  if  powerful  enough,  are  easily  shared  and  suffi- 
ciently different  from  other  types  of  research  equipment  that  we 
will  not  consider  them  here  in  depth.  The  increasing  power  and 
decreasing  cost  of  small  computers  act  to  reduce  the  number  of 
users  who  might  share  a  machine,  and  we  fesl  that  computers 
increasingly  will  be  shared  only  by  those  who  require  the  compu- 
tational power  of  supercomputers.  Methods  of  giving  universities 
access  to  supercomputers  have  been  addressed  by  the  NSF  Ad- 
visory Committee  on  Advanced  Scientific  Computing  Re- 
sources,3 NSF  has  since  announced  plans  to  fund  supercomputer 
research  centers  at  four  universities  (see  Chapter  1), 
.  ^  We  found  substantial  sharing  of  research  equipment  at  all  of 
the  universities  visited  in  the  course  of  this  study.  The  methods 
of  sharing  ranged  from  informal  lending  and  borrowing  of  smaller, 
inexpensive  items  to  operating  larger  items  as  centralized  facil- 
ities. 

Small  pieces  of  equipment  are  frequently  shared  within  a  geo- 
graphical radius  determined  by  their  portability  and  knowledge  of 
their  existence.  Informal  interaction  amc_.£  faculty  and  gradu- 
ate students  is  the  most  common  mechanism.  It  should  be  noted 
that  sharing  usually  offers  educational  benefits.  Students  learn  to 
use  a  wider  variety  of  equipment  to  solve  their  problems  and  in 
the  process  have  the  opportunity  to  exchange  ideas  with  a  wider 
circle  of  people. 

Sharing  is  very  effective  when  the  research  requires  limited 
and  routine  use  of  commercially  available  service-type  equipment 
such  as  electron  microscopes,  surface  analytical  equipment  (Auger 
electron  or  x-ray  photoemission  spectroscopy),  and  high-field 
nuclear  magnetic  resonance  spectrometers.  (These  items  cost 
between  3100,000  and  $1,000,000.)  Sharing  such  equipment  also 
often  permits  a  technician  to  be  provided  to  maintain  and  operate 
the  equipment  as  well  as  to  train  students. to  use  it. 

The  utility  of  centralized  facilities  is  illustrated  by  the  1* 
Materials  Research  Laboratories  currently  supported  by  NSF 
through  block  grants  to  major  research  universities.  We  visited 
four  of  these  labs.  The  grants  support  multi-investigator  research 
on  materials  as  well  as  central  facilities  incorporating  the  kinds 
of  equipment  noted  above.  We  found  that  the  Materials  Research 
Laboratories  have  been  effective  at  operating  central  facilities  on 
a  relatively  large  scale  and  providing  an  excellent  educational 
environment  for  students. 

In  many  academic  departments,  especially  chemistry  depart- 
ments, centralized  equipment,  such  as  infrared,  visible,  and 
ultraviolet,  NMR,  EPR,  and  mass  spectrometers,  is  used  inter- 
mittently by  a  large  number  of  researchers.  Departmental 
laboratories  at  a  medical  school  we  visited  were  set  up  so  thai 
centrifuges  were  conveniently  located  for  use  by  several  research 
erouDsj  we  found  this  type  of  sharing  in  most  universities. 
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We  observed  that  shared  instrument  facilities  work  best  when 
supervised  by  a  faculty  member  whose  research  depends  on  them 
and  who  will  insist  on  high-quality,  up-to-date  performance  from 
the  equipment.  Service  and  repair  costs  increase  when  equipment 
is  shared  by  many  scientists,  and  a  technician  is  usually  necessary 
to  operate  it  and  train  users;  in  larger  centralized  facilities  one 
technician  can  often  look  after  several  related  pieces  of  appa- 
ratus* 

Faculty  generally  wish  to  share  equipment  with  their  col- 
leagues, but  want  sufficient  control  to  ensure  that  the  equipment 
remains  in  optimum  working  order.  Under  these  conditions, 
investigators  often  share  equipment,  but  commonly  by  means  of 
collaboration  with  another  investigator  on  a  problem  both  are 
pursuing. 

We  learned  that  officials  at  some  universities  encourage 
sharing  by  giving  higher  priority  to  allocation  of  funds  for  shared 
equipment  than  for  nonshared  equipment.  We  found  a  similar 
practice  in  industry,  where  equipment  is  frequently  shared. 
Laboratory  management  at  a  large  chemical  company  we  visited 
encourages  sharing  by  rewarding,  in  its  research  budget,  a  group 
that 'finds  it  can  avoid  buying  equipment  by  sharing  with  another 
group. 


The  REAP  Program 

As  noted  earlier,  an  inventory  system  plays  a  significant  role 
in  equipment  sharing  at  only  one  school  we  visited,  Iowa  State 
University.  The  university  established  its  research  equipment 
assistance  program  (REAP)  in  19*74  with  the  help  of  an  NSF  grant 
of  $1 14,000.  Its  direct  costs  currently  total  about  £123,000  per 
year,  including  salaries,  computer  support,  and  other  expenses. 
REAP  has  evolved  into  an  accepted,  trusted,  and  helpful  program 
in  support  of  researchers1  needs  for  equipment.  Its  components 
are  an  easily  accessible,  simplified,  edited  inventory;  a  diagnostic 
service  to  help  maintain  equipment  in  good  working  order  at  low 
cost;  an  apparatus  stockroom  that  recycles,  loans,  and  salvages 
equipment;  and  a  staff  who  are  devoted,  helpful,  and  interested, 
but  remain  low  key  and  nonobtrusive.  A  detailed  report  on  the 
program  appears  as  Appendix  G,  and  only  a  brief  summary  will  be 
given  here. 

The  computerized  inventory  is  focused  on  scientific  instru- 
mentation and  includes  only  '*  percent  of  the  university's  general 
inventory;  in  June  1984,  it  contained  almost  10,000  items  (each 
costing  at  least  $500  initially)  having  a  total  value  of  nearly  $30 
million.  The  inventory  is-used  widely  as  a  sharing  tool;  faculty 
are  encouraged  to  use  it  to  learn  if  a  piece  of  equipment  on  cam- 
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pus  might  fit  their  needs.  The  REAP  staff  stands  between  the 
holder  and, the  seeker  of  the  apparatus,  and  the>holder  is  not 
coerced  into  sharing.  If  the  device  is  heavily  scheduled,  fragile, 
time  consumingfto  use,  or  modified  so  that.it  is  not  useful  to 
others,  a  "no"  from  the  investigator  is  accepted  without  chal- 
lenge. The  general  response,  however,  is  an  offer  to  share, 
because  REAP  is  liked  by  the  researchers,  actively  helps  the 
faculty,  and  guarantees  that  borrowed  equipment  will  be  returned 
in  at  least  as Jgood^ condition. as  when  it  was  loaned. 

REAP  maintains  a  storeroom  of  unused  equipment  and  parts, 
andf  browsing  is  encouraged.'  The  staff  are  knowledgeable  trouble- 
shooters  and  often  can  either  repair  equipment  or  point  to  the 
repairs  necessary  to  avoid  expensive  service  contracts.  They  are 
regularly,  sent  to  courses  on  equipment  servicing  to  help  them 
keep  up  to  date. 

As  universities  develop  inventory  systems,  we  believe  that 
they  might  usefully  consider  the  innovations  found  in  REAP.  It  is 
clear  that  REAP  owes  much  of  its  success  to  a  devoted  and  tech- 
nically competent  staff,  a  well-designed,  specialized  inventory > 
and  an  academic  .community  that  takes  pride  in  finding  cost- 
effective  solutions  to  problems.  When  a  university  has  limited 
access  to  external  repair  facilities,  is  small  enough  to  have 
institution  wide  cohesiveness,  and  is  able  to  attract  and  retain  an 
interested  and  competent  staff,  an  investment  in  a  program  like 
REAP  seems  wise. 


National,  Regional,  and  Industrial  Facilities 

Academic  scientists  also  share  research  equipment  at  national 
and  regional  facilities  funded  by  federal  agencies  (see  Chapter  1). 
To  a  considerably  lesser  extent*  they  have  access  to  industrial 
equipment. 


National  Facilities 

National  facilities  involve  equipment  that  is  far  too  expen- 
sive—in the  range  of  tens  to  hundreds  of  millions  of  dollars— to  be 
provided  exclusively  to  a  single  university .  These  facilities  are 
usually  associated  with  and  managed  by  a  university  or  national 
laboratory.  Two  that  we  visited  were  the  Meson  Physics  Facility 
(LAMPF). operated  by  Los  Alamos  National  Laboratory  and  the 
Stanford  Synchrotron  Radiation  Laboratory  (S3P.L).  Both  are  sup- 
ported byDOE. 

The  chief  management  problem  at  national  facilities  is  to 
provide  access  and  a  suitable  environment  for  exploratory 
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—.research.  Beam  time  at  SSRL,  for  example,  is  oversubscribed; 
time  is  assigned  to  investigators  only  after  their  requests  are 
subjected  td  rigorous  review,  and  only  about  half  of  the  worthy 
propcsalsare  awarded  beam  time.  This  limited  beam  time  tends 
to  reduce  opportunities  for  serendipitous  discovery  and  high-risk 
research  In  an  attempt  to  overcome  this  problem,  SSRL  has 
recently  adopted  the  Participating  Research  Team  (PRT)  mode. 
A  small  number  of  consortia  (with  university  participation  in 
combination  with  industrial  or  government  labs)  set  up  instrumen- 
tation (Which  the  consortium  must  pay  for)  on  one  of  the  SSRL 
ports;  the  university  part  of  the  PRT  has  one-third  of  the  beam 
time  to*use  as  it  wishes,  the  industry-government  part  I  is 
one-third,  and  the  remaining  third  is  allocated  to  the  larger  user 
community  through  the  review  process. 


Regional  Facilities 

Regional  facilities  are  designed  to  serve  a  smaller,  local 
community  of  users.  They  are  funded  by  agencies  that  include 
NSF,  NIH*  NASA,  and  DOE.  While  the  equipment  at  these  facil- 
ities is  expensive,  it  would  not  be  out  of  the  question  to  buy  it 
solely  for  one  of  the  larger  universities. 

These  facilities  provide  regional  service  with  varying  degrees 
of  effectiveness.    Our  observations  suggest  that  when  problems 
occur,  they  have  two  fundamental  causes.  First,  the  scientists 
running  the  facility  are  usually  more  interested  in  doing  research 
than  in  providing  service  to  users.  Second,  even  given  strenuous 
efforts  to  be  fair,  scientists  at  the  host  institution  have  the 
advantage  of  being  there;  thus  a  large  community  of  local  users 
may  dominate  the  facility.  Where  a  large  and  scientifically 
strong  group  of  potential  users  is  based  at  one  institution,  it  may 
be  better  to  provide  a  facility  dedicated  to  that  institution, 
instead  of  to  regional  services.  In  many  cases,  however,  regional 
facilities  have  served  their  communities  well  by  providing  access 
to  equipment  for  users  who  otherwise  would  not  have  such  an 
opportunity. 

The  laser  "lending  library11  (operated  by  scientists  at  the 
University  of  California-Berkeley  and  Stanford  University)  is  a 
regional  facility  praised  by  all  users.  The  library  places  a  laser  in 
an  investigators  lab  for  a  few  months  without  charge;  the  spon- 
soring agency  (NSF)  pays  the  maintenance  costs  and  has  found 
them  to  be  considerable.  The  regional  laser  facility  at  MIT  is 
more  conventional;  the  lasers  are  housed  there  and  users  come  to 
them.  It,  too,  has  provided  lasers  to  scientists  who  would  not 
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otherwise  have  had  access  to  them.  Neither  of  these  facilities, 
•*  owever,  is  useful  to  investigators  whose  work  requires  long  and 
nearly- continuous  access  to  a  laser* 


Industrial  Facilities 

Academic  scientists  can  best  gain  access  to  state-of-the-art 
equipment  in  industrial  laboratories  through  collaboration  with 
industrial  investigators.  Such  collaboration  does  occur  frequently 
in  pursuit  of  common  interests,  and  we  encountered  several 
examples.  Normally,  however,  industrial  labs  are  not  set  up  to 
service  outside  users;  barriets  to  academic  use  include  considera- 
tions of  safety  and  liability  and  proprietary  information,  as  well 
as  conflicting  work  scheduler.  Industry  does  provide  equipment 
for  academe  in  other  ways,, sometimes  involving  state  govern- 
ments, and  these  mechanisms  ->re  covered  in  Chapters  2  and  5. 


Remote  Access  to  Research  Equipment 

Because  research  equipment  increasingly  is  operated  under 
computer  control,, it  may  berpossible  to  share  it  by  means  of 
remote  access.  Such-access  might  also  reduce  the  time  and 
expense  of  travel  to  some  regional  or  national  facilities.  In  the 
future,  high  data-rate  transmission  (at  52  Kbaud,  for  example) 
from  the  instrument  to  the  user  via  satellite  down-link  will  be 
inexpensive,  as  will  high-resolution  computer  graphics  User-to- 
instrument  communication  at  1,200  baud  now  exists,  is  compara- 
tively cheap,  and  should  be  adequate  for  issuing  most  commands. 
(Computing  equipment— generally  excluded  from  this  discussion  of 
sharing— is  widely  used  by  remote  access.) 

One  case  that  we  encountered  suggests  the  potential  of  remote 
access.  Some  students  and  a  professor  in  the  chemistry  depart- 
ment at  Duke  University  set  up  a  link  between  a  small  microcom- 
puter, their  obsolete  departmental  nuclear  magnetic  resonance 
(NMR)  spectrometer,  and  a  modern  NMR  at  Research  Triangle 
Park,  15  miles  away.  A  user  at  Duke  was  able  to  operate  the 
remote  instrument  as  if  seated  at  its  console.  This  experimental 
study  began  in  1981  and  employs  specially  designed  software.  We 
think  the  idea  might  be  applicable  to  a  limited  number  of  other 
instruments  in  situations  where  the  investigator  need  not  have 
intimatexontact  with  samples  after  they  are  prepared  and  they 
could  be  delivered  by  messenger.  As  computer  networking  grows 
and  universities  upgrade  their  telephone  systems  and  install  optical 
fiber  communications  links,  opportunities  for  remote  access  to 
equ^ment,  even  on  individual  campuses,  might  expand 
significantly.  t 
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Remote  control  of  telescopes  is  now  a  fact  at  large  observa- 
tories; and  communications  technology  can  extend  the  link 
between  telescope  and  control  room  from  tens  of  feet  to  thou- 
sands of  miles.5  Kitt  Peak  National  Observatory,  for  example,  is 
now  scheduling  remote  observations.  Within  the  limitations 
imposed  by  the  relatively  slow  telephone  data  rate  (one  acquisition 
TV  frame  every  30  seconds,  and  one  terminal  graphics  display 
every  10  seconds),  the  observing  runs  thus  far  have  proved  quite 
successful. 

STRATEGIC  PLANNING 

The,  costs  and  complexities  of  acquiring  and  managing  first- 
rate  academic  research  equipment  are^some  of  the  several  pres- 
sures, mainly  financial,  that  appear  to  be  moving  universities 
\owardiCampuswide  strategic  planning.**'7  Such  planning  in  part 
leads  to  preferential  allocation  of  resources  to  disciplines  that 
offer  the  university  the  best  opportunities  to  achieve  distinction. 
A  university  might  allocate  minimal  resources  to  some  depart- 
ments, or  even  close  them,  for  example,  in  order  to  provide  better 
research  facilities  for  .others.  We  believe  that  more  hard  decisions 
of  this  kind- will  have  to  be  made,  but  keepingin  mind  that 
universities  work  on  a, much  longer  time  scale  than  most  of  our 
society.  Sound  strategic  planning  must  involve  faculty  par- 
ticipation, but  clearly  requires  more  centralized  decision  making 
than  is  now  common  in  academe. 


RECOMMENDATIONS 

The  universities1  ability  to  acquire  and  manage  research 
equipment  efficiently  reflects  factors  that  include  individual 
circumstances,  decentralized  authority,  the. project-grant  system 
that  funds  much  of  the  equipment,  and  state  and  federal  regu- 
lations., Within  this  context,  however,  we  have  identified  a 
number  of  management  practices  that  are  effective  and  warrant 
more  widespread  use.  These  practices  form  the  basis  of  the 
recommendations  that  follow. 

The  recommendations  on  the  whole  imply  a  need  for  univer- 
sities individually  to  consider  a  more  centralized  approach  than  is 
now  the  general  practice  in  their  management  oi  research  equip- 
ment. *We  note  that  other  developments,  mainly  the  result  of  fi- 
nancial pressures,  point  in-the  same  direction.  They  include  the 
universities1  growing  interest  in;  debt  financing  and  in  develop- 
mental .efforts  involving. close  cooperation  with  state  governments 
.and  industry.  Such, activities  generally  call  for  centralized  deci- 
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sion  making  in  the  universities.  More  broadly,  universities  are 
displaying  growing  interest  in  strategic  planning,  which  cleariy 
depends  on  morecentralized  decision  making. 
We  recommend,.. 

1.  That  universities  more  systematically  plan  their  allocation 
of  resources  to  favor  research  and  equipment  in  areas  that  offer 
the  best  opportunities  to  achieve  distinction.  Such  strategic 
planning  should  involve  participation  by  both  administrators  and 
faculty.  The  process  may  well  call  for  hard  decisions,  but  we 
believe  that  they  must  be  made  to  optimize  the  use  of  available 
funds; 

2.  That  universities  budget  realistically  for  the  costs  of 
operating  and  maintaining  research  equipment.  These  costs 
impose  serious  and  pervasive  problems,  and  failure  to  plan 
adequately  for  full  costs  when  buying  equipment  is  widespread  as 
well.  Full  costs  include  not  only  operation  and  maintenance,  but 
space  renovation,  service  contracts,  technical  support,  and  the 
like.  Maintenance  is  particularly  troublesome.  Hourly  user 
charges  arfe  commonly  assessed  to  cover  the  salaries  of  support 
personnel  and  the  costs  of  Maintenance,  but  are  difficult  to  set 
optimally  and  are  rarely  adequate. 

3.  That  investigators  and  administrators  at  universities  seek 
agency  approval  to  spread  the  cost  of  expensive  equipment 
charged  directly  to 'researdt^project  awards  over  several  award 
years.  As  noted  in  Recommendation  3  under  the  Federal 
Government,. individual  research  grants  and  contracts  cannot 
normally  accommodate  costly  equipment,  and  this  problem  would 
be  eased  by  spreading  costs  over  several  years. 

4.  That  universities  act  to  minimize  delays  and  other  prob- 
lems resulting  from  procurement  procedures  associated  with  the 
acquisition  of  research  equipment.  To  be  most  effective,  the 
procurement  process  should  be  adapted  to  the  specialized  nature 
of  research  equipment,  as  opposed  to  more  generic  products. 
Similarly,  specialized  purchasing  entities  or  individuals  would 
facilitate  timely  acquisition  of  equipment  at  optimum  cost*  Also 
beneficial  would  be  formal  programs  designed  to  inform  purchas- 
ing personnel  and  investigators  of  the  needs  and  problems  of  each. 

5.  That  universities  consider  establishing  inventory  systems 
that  facilitate  sharing.  One  such  system  is  the  basis  of  the 
research  equipment  assistance  program  (REAP)  at  Iowa  State 
University.  The  REAP  inventory  includes  only  research  equip- 
ment. REAP  may  not  be  cost  effective  for  all  universities,  but 
most  should  find  elements  of  it  useful* 

6.  That  universities  use  depreciation  rather  than  a  use  al- 
lowance to  generate  funds  for  replacing  equipment,  providing 
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that  they,  can  negotiate  realistic  depreciation  schedules  and  dedi- 
cate the  funds  recovered  to  equipment.  Universities  can  use 
either  method,  but  rates  of  depreciation  are  potentially  higher— 
and  so  recover  costs  more  rapidly— than  the  use  allowance  (6  7/3 
percent  per  year)  because  they  can  be  based  on  the  useful  lift  of 
the  equipment.  ,Both  methods,  however,  add  to  indirect  costs,  and 
neither  can  be  used  for  equipment  purchased  with  federal  funds. 

7.  That  universities  seek  better  ways  to  facilitate  the  trans-, 
fer  of  research  equipment  from  investigators  or  laboratories  that 
no  longer  need  it  to  those  that  could  use.it*  Faculty  at  most 
schools  have  no  incentive  to  transfer  equipment,  excepting  the 
need  for  space,  and  every  Jncentive  to  keep  it  in  case  it  might  be 
needed  again.  Some  systemat:   nechanism  for  keeping  faculty 
well  informed  of  needs  and  availability  of  equipment  would  be 
useful. 
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4 

Debt  Financing 


INTRODUCTION 

Tax-exempt  debt  financing  has  long  been  used  by  universities 
to  fund  large  capital  expenditures  and  in  recent  years  has  at- 
tracted much  attention  as  a  means  of  funding  research  equip- 
ment. The  methods  of  debt  financing  employed  range  from  lonf 
term  instruments,  such  as  revenue  bonds,  to  short-term  leases. 
Regardless  of  the  method,  debt  financing  of  research  equipment 
must  compete  with  the  university's  other  needs  for  debt.  Univer- 
sities frequently  use  the  proceeds  of  long-term,  low-interest 
bonds  to  finance  projects  such  as  new  buildings,  new  telephone 
systems,  and  major  remodeling.  When  the  buildings  include  labor- 
atories, most  of  the  associated  fixed  equipment  and  some  movable 
scientific  apparatus  are  purchased  with  the  proceeds  of  the  issue. 
In  the  1950s  and  ,%0s  much  scientific  apparatus  came  with  new 
buildings  at  expanding  universities,  but  recent  years  have  seen 
littie  net  expansion. 


Concern  About  Payment 

The  amount  cf  research  equipment  obtained  by  debt  financing 
varies  widely  among  universities,  but  the  central  computing  facil- 
ity at  most  schools  we  visited  was  either  leased  or  financed  by 
borrowed  funds.  Universities  normally  use  debt  financing  to 
obtain  equipment  for  a  research  project  only  if  funds  are  not 
available  from  other  sources.  The  basic  concern  is  the  availabil- 
ity of  income  to  cover  payments  on  the  debt. 

Some  universities  indicated  that  multi-investigator  and  block 
grants  aie  valuable  in  providing  a  stable  income  stream  for 
equipment  acquired  through  debt  financing.  User  fees  and  grant 
or  contract  support,  however,  afe  the  most  common  sources  of 
incon,;  for  payments  on  equipment  debt  or  leases.  Many  univer- 
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shies  are  concerned  that  these  sources  are  unpredictable  and 
unreliable  and  that  they  are  likely  to  have  to  subsidize  debt- 
service  costs.  We  learned  of  no  central  computing  facility  that 
was  leased  or  financed  by  borrowed  funds,  for  example,  that  had 
enough  income  to  cover  the  total  costs  of  the  lease  or  debt;  all 
required  a  subsidy  from  the  school's  general  funds.  Institutions 
are  additionally  concerned  that  recovery  of  such  subsidies  (i.e., 
the  annual  deficit  in  a  specialized  service  center)  can  be  very 
difficult  to  negotiate  as  an  element  of  indirect  cost  reimburse- 
ment under  OMB  Circular  A-2I. 

Because  of  limited  opportunity  to  develop  a  reliable  income 
stream  to  retire  debt,  some  universities  use  no  debt  financing  for 
research  equipment.  Some  state  universities  are  forbidden  by 
state  law  to  incur  debt.  Other  universities  are  very  active  in  debt 
financing,  but  generally  require  a  fallback  source  of  income,  such 
as  college  or  departmental  resources,  to  pay  the  principal  and 
interest  on  a  debt  if  necessary.  To  obtain  financing,  backup 
commitments  from  departmental  or  college  operating  budgets  or 
from  a  university-affiliated  foundation  are  usually  necessary. 

Administrators  at  many  universities  with  debt  financing 
available  appear  to  be  very  selective  in  its  use  and  to  restrict  it 
to  large  purchases  (more  than  $250,000)  for  which  a  repayment 
process  can  be  developed.  One  university  we  visited  has  formal 
guidelines  for  use  of  a  line  of  credit  for  research  equipment 
costing  more  than  $50,000.  At  others,  the  faculty  had  not  been 
told  that  debt  financing  was  a  potential  means  of  acquiring 
equipment.  At  one  major  university  we  visited,  senior  academic 
officers  were  unaware  that  a  line  of  credit  had  been  obtainad  by  a 
senior  finance  officer,  partially  to  finance  research  equipment. 

IMPLICATIONS  AND  ANALYSIS  IN  DEBT  FINANCING 

An  important  aspect  of  uorrowing  money  to  buy  academic 
research  equipment  is  that,  like  assumption  of  debt  for  any  pur- 
pose, it  shifts  the  locus  of  responsibility  and  decision  making. 
U.S.  universities  are  decentralized  in  any  event,  and  the  heavy 
reliance  on  individual,  competitive  research  grants  and  contracts 
ordinarily  confers  considerable  authority  on  principal  investiga- 
tors. Borrowing  to  buy  research  equipment,  however,  imposes  risk 
on  the  university  as  a  whole  and  so  requires  a  shift  from  decentral- 
ized to  centralized  planning  and  decision  making  by  the  school's 
administration.  Such  shifts  can  contribute  to  greater  use  of 
strategic  planning  by  universities  (see  Chapter  3). 
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Analytical  Requirements 


Sound  borrowing  decisions  demand  a  painstaking  analysis  of 
costs,  risks,  and  potential  impact.  A  thorough  assessment  of 
needs  is  essential.  One  university  research  foundation  reported 
assuming  a  multimillion  dollar  debt  to  acquire  a  supercomputer 
without  securing  positive  commitments  from  projected  users. 
Plans  to  repay  the  debt  through  user  charges  were  based  on 
estimates  and  .verbal  assurances  from  potential  commercial  users 
tha+  did  not  materialize.  The  institution  was  left  with  a  very 
large  debt  and  insufficient  revenue  from  user  charges  to  repay  it. 

The  parameters  of  a  needs  assessment  will  vary.  The  univer- 
sity may  wish,  for  example,  to  focus  on  particular  types  of  equip- 
ment, on  replacing  obsolete  items,  or  on  enabling  faculty  to  estab- 
lish new  programs  of  research.  Universities  also  have  canvassed 
potential  external  users,  such  as  faculty  at  nearby  institutions  and 
government  and  corporate  scientists,  when  equipment  v/as  suit- 
able for  sharing. 

A  problem  reported  repeatedly  by  universities  was  failure  to 
plan  for  full  costs  when  buying  squipment.  Full  costs  include 
shipping,  space  renovation,  operation  and  maintenance,  service 
contracts,  technical  support,  insurance,  utilities,  and  the  like.  As 
a  general  rule,  full  costs  should  always  be  included  in  equipment 
budgets  and  should  be  included,  at  least  selectively,  in  calcula- 
tions of  how  much  to  borrow,  recognizing  where  appropriate  the 
possible  us.e  of  other  funds  to  pay  these  costs. 

The  analysis  also  should  cover  projected  sources  oi  repayment, 
with  the  stress  on  known  sources  and  reasonable  expectations.  If 
user  charges  are  expected  to  supply  revenue  for  repayment,  for 
example,  one  cannot  assume  that  they  can  be  assessed  at  100  per- 
cent of  acquisition  and  interest  costs  without  making  the  equip- 
ment too  expensive  for  potential  users,  it  may  also  be  wise  to 
assess  as  accurately  as  possible  the  allowability  of  interest  cos|s 
under  OMB  Circular  A-21,  which  requires  prior  agency  approval  to 
charge  interest  to  federal  grants  or  contracts.  One  university 
reported  that  its  line  of  credit  was  approved  for  conformity  with 
OMB  Circular  A-21  by  five  federal  agencies.  In  the  one  equip- 
ment purchase  thus  far  uMer  this  financing  plan,  one  of  the  agen- 
cies declined  to  allow  in  -rest  charges,  even  though  the  money 
was  available  in  the  gi  ant  through  rebudgeting.  The  inter.est  is 
being  paid  from  private  gift  funds. 

Prospective  borrowing  for  equipment  is  bes..  examined  in 
terms  of  the  university's  total  debt  structure.  This  examination 
focuses  especially  on  sources  and  amounts  of  revenue  projected  to 
repay  all  debts,  repayment  schedules,  and  overall  levels  of  univer- 
sity liability.  This  analysis  requires  the  university  to  forecast  how 
it  will  meet  its  combined  obligations  and  determine  whether  its 
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projections  are  reasonable.  It  is  important  to  develop  at  least  an 
outline  of  a  contingency  plan  for  repaying  equipment  debt  in  case 
projected  sources  of  repayment  funds  do  not  materialize. 


Evaluation  of  using  debt  for  instrumentation  should  include  the 
impact  on  the  university's  capacity  to  sustain  research  and  in- 
struction, focusing  particularly  on  the  future-  Too  much  debt 
restricts  the  ability  to  respond  to  new  challenges  and  oppor- 
tunities in  research  and  education.  Some  debt,  judiciously 
designed  to  fit  the  circumstances  of  thp  university,  may  be  very 
useful.  In  universities  where  faculty  and  administrators  were 
satisfied  with  the  decision  to  borrow,  we  found  that  debt  was 
viewed  as  a  supplement  to  other  funds  employed  to  sustain  or 
expand  existing  programs  and  help  to  initiate  new  ones. 


We  have  no  formula  to  determine  how  much  debt  a  university 
can  sustain.  The  appropriate  level  depends  on  many  variables, 
including  the  school's  philosophical  approach  to  financial  manage- 
ment. The  National  Association  of  College  and  University  Busi- 
ness Officers  says  of  a  particular  ratio  of  debt  service  to  revenue, 
"No  national  standards  for  budget  percentage  dedicated  to  debt 
service  may  be  inferred  from  the  median  values.  The  willingness 
and  ability  to  commit  revenues  to  debt  service  vary  greatly  among 
institutions."' 

Among  factors  that  have  been  identified^  as  measures  of  the 
debt  capacity  of  a  university  are: 

•  Ratio  of  available  assets  to  general  liabilities  (ordinarily 
stipulated  at  2:1  minimum). 

•  Ratio  of  debt  service  to  unrestricted  current  fund  revenues- 

•  Ratio  of  student  matriculants  to  completed  applications. 

•  Ratio  of  opening  fall  full-time  enrollment  this  year  to 
opening  fall  full-time  enrollment  in  base  year. 

A  number  of  factors  in  addition  to  these  ratios  usually  are 
considered  in  assessing  the  debt  capacity,  or  creditworthiness,  of 
universities.^ 


Impact  on  Academic  Programs 


The  Limit  of  Debt 
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CHOOSING  THE  APPROPRIATE  DEBT  INSTRUMENT 

A  number  of  forms  of  debt  financing  are  available  to  univer- 
sities, and  each  debt  instrument  has  terms  and  conditions  that  can 
be  attractive  in  the  right  circumstances.  Examples  of  the  use  of 
debt  financing  by  universities  are  described  in  Appendix  H,  and 
representative  debt  instruments  are  summarized  in  Appendix  I.  It 
should  be  noted  that  the  types  of  instruments  available,  the 
relevant  tax  laws  and  interpretations  of  them,  and  the  conditions 
of  the  debt  market  are  always  subject  to  change.*  Thus  the 
selection  of  debt  instruments  by  universities  should  be  based  on 
current  expert  advice  from  investment,  legal,  and  tax  counsel. 
The  discussion  of  debt  instruments  in  this  chapter  is  intended  to 
be  illustrative,  not  comprehensive. 

Factors  to  be  considered  in  selecting  a  debt  instrument  include 
the  amount  to  be  borrowed  and  the  equipment  to  be  bought.  One 
supercomputer,  for  example  may  call  for  a  different  debt  instru- 
ment than  many  devices  each  costing  less  than  3100,000.  The 
urgency  of  the  need  may  be  a  factor— a  line  of  cr  edit  may  be 
arranged  fairly  quickly,  while  a  bund  issue  is  time  consuming.  The 
single  most  important  factor  in  selecting  a  debt  instrument  is  the 
correlation  with  use:  short-term  debt  fot  short-term  use,  long- 
term  debt  for  long-term  use.  Also  a  factor  is  the  impact  of 
different  repayment  schedules  on  the  university's  programs.  In 
addition,  different  types  of  debt  instruments  have  different  co«,ts, 
including  the  rate  of  interest^  issuance  costs,  legal  fees,  and 
printing  charges. 


SHORT-  TO  MEDIUM-TERM  DEBT  INSTRUMENTS 

Short-  to  medium-term  debt  instruments  include  leases,  munic- 
ipal leases,  lines  or  letters  of  credit,  pooled  revenue  bonds,  tax- 
exempt  variable  rate  demand  bonds,  and  tax-exempt  commercial 
paper.  Maturities  vary  from  1  to  10  years.  Selection  criteria  may 
include  the  following: 

•  Equipment  is  needed  only  for  a  specific  period  and  may  or 
may  not  have  to  be  permanently  retained  by  the  university. 

•  Leasing  costs  can  be  identified  with  a  specific  piece  of 
equipment,  which  can  be  readily  identified  with  a  grant  or 
contract  for  reimbursement. 


*The  material  in  this  chapter  was  current  as  of  October  198*. 

-567 


562 


•  A  lease  can  be  arranged  to  include  a  maintenance  and 
service  contract. 

•  Short-term  debt  can  be  used  temporarily  until  permanent 
funding  becomes  available* 

•  Conditions  in  the  bond  market  do  not  favor  issuance  of 
long-term  debt. 

•  The  institution  may  not  have  the  credit  rating  or  sufficient 
funding  needs  to  issue  long-term  debt. 


The  decision  to  lease  or  purchase  usually  involves  a  present- 
value  analysis,  in  which  the  .  dancing  alternatives1  net  cash  flows 
pver  time  are  discounted  back  to  present-day  value  (see  Table  6). 
the  financing  alternative  with  the  lowest  present-value  cost 
would  be  considered  best  on  a  cost  basis.  The  final  decision  to 
lease  or  buy  depends  on  the  prospective  lessee's  total  financial 
position  and  equipment  need.  The  ease  and  the  initial  low  cost  of 
entering  into  a  lease  agreement  should  not  preclude  performing 
cost-benefit  analyses  of  other  debt  alternatives.  Over  the  long 
term,  high-priced,  long-term  equipment  will  most  likely  have  a 
higher  net  effective  cost  under  a  lease  arrangement  than  under  a 
long-term  debt  instrument.  For  short-term,  low-priced  equipment, 
the  university  might  consider  a  line  of  credit  as  an  alternative  to 
leasing. 


Ordinary  leasing  takes  two  basic  forms: 

•  Operating  lease:  an  institution  acqu~  es  the  use  of  equip- 
ment for  a  fraction  of  its  useful  life.  Title  is  retained  by  the 
lessor,  and  the  lease  contains  no  option  to  purchase  the  equip- 
ment. The  lessor  may  provide  services  in  connection  v/ith 
maintenance  and  insurance  of  property. 

•  Capital  lease:  a  capital  lease  must  meet  one  of  the 
following  criteria: 

-  Title  is  transferred  to  lessee  at  the  end  of  the  lease. 

-  Lease  contains  a  bargain  purchase  option. 

-  Lease  term  is  at  least  75  percent  of  the  leased 
property's  estimated  economic  life. 

-  Present  value  of  the  minimum  lease  payments  is  equal 
to  90  percent  or  more  of  the  leased  property's  fair  market  value, 
less  related  investment  tax  credit  retained  by  the  lessor. 


The  Decision  to  Lease  or  Purchase 


General  Uses  of  Leasing 
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TABLE- 6  Present  Value, Analysis 


PV  Net  Present 

Yr.  Outflov/($)     Inflow($)       Net($)         Factor*  Value($) 


Option  A 


0  1,000,000 

0 

(1,000,000) 

1.000 

(1,000,000) 

1.  100,000 

500,000 

400,000 

0.909 

363,600 

2  100,000 

500,000 

400,000 

0.826 

jjOj^OO 

3  100,00*0 

500,000 

400,000 

0.751 

300,400 

4  100,000 

500,000 

400,000 

0.683 

273,200 

5  100,000 

500,000 

400,000 

0.621 

248,400 

Net  present  value 

516,000 

Option  B 

0  0 

0 

0 

1.000 

0 

1  400,000 

500,000 

100,000 

0,909 

90,900 

2  400,000 

500,C00 

100,000 

0.826 

82,600 

3  400,000 

500,000 

100,000 

0.751 

75,100 

4  400,000 

500,000 

100,000 

0.683 

68,300 

5        400,000  . 

500,000 

100,000 

0.621 

62,100 

Net  present  value 

379,000 

DECISION:  Option  A,  purchasing  equipment  with  available  cash. 


Option  A  states  that  the  acquisition  of  new  laboratory  equipment 
will  save  the  department  $500,000  per  year  in  contracting  the 
services  from  a  private  lab.  Costs  of  about  $100,000  per  yea*-  are 
directly  attributable  to  the  new  equipment  maintenance  which 
will  reduce  the  potential  annual  savings  to  $400,000.  The  cost  of 
the  equipment  and  i+s  installation  is  $1 .0  million.  At  the  end  of 
five  years,  the  equipment  has  zero  salvage  value.  Option  B  states 
that  the  leasing  of  new  laboratory  equipment  will  save  the 
department  the  same  $500,000  as  in  Option  A.  The  cost  of  lease 
will  be  $300,000  per  year  for  five  years  with  an  additional  x 
$100,000  per  year  for  maintenance.  The  department  has  no 
purchase  option  at  2he  end  of  the  lease. 

*PV  factor  assuming  a  10  percent  discount  rate. 

SOURCE:  Coopers  &  Lybrand. 
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The  benefits  commonly  attributed  to  leasing  are  primarily 
available  in  a  tax-oriented  lease  in  which  the  lessor  retains  and 
claims  the  tax  benefit  c  '  ownership.  This  type  of  lease  is  called  a 
true  lease  for  tax  purposes.  Nearly  all  operating  leases  are  con- 
sidered^true  leases,  but  only  some  capital  leases  qualify  as  true 
leases. 

Not-for-profit  organizations  do  not  accrue  tax  benefits  from 
leasing  capital  equipment,  benefits  that  are  available  to  profit- 
making  organir?tions.  With  state  universities,  IRS  regulations 
prevent  the  lessor  from  benefiting  from  the  investment  tax  credit 
because  the  end  property  user  is  a  government  entity.  Leases  can 
be  structured,  however,  Ao  pass  on  the  tax  benefits  of  ownership 
to  the  lessor.  These  methods  include  a  sale-leaseback  and  third- 
party  lessor,  which  may  be  an  affiliated  foundation  (see  Chapter 
5);  Such  methods  require  careful  review  and  professional  counsel 
to  ensure  that  the  transaction  is  structured  to  meet  IRS  regula- 
tions and  other  .federal  requirements. 

State  universities  have  structured  leases  as  a  sale-leaseback 
transaction  in  which  the  equipment  is  sold  by  the  university  to 
purchaser/lessor  and  then  leased  back  by  the  university.  These 
arrangements  are  considered  operating  leases,  allowing  the 
purchaser /lessor  to  receive  the  tax  benefits.  In  most  cases, 
however,  the  sale-leaseback  is  not  the  best  method  relative  to 
other  forms  of  tax-exempt  financing  available  to  state  univer- 
sities (e.g.,  bank  line  of  credit). 

Private  universities,  for  major  projects  that  include  both 
buildings  and  equipment,  can  combine  debt  financing  with  leases. 
This  arrangement  allows  the  university  to  rpatch  the  economic 
life  of  the  asset  wan  a  comparable  financing  period.  However 
the  institution  should  consider  tax-exempt  financing  (e.g.,  a  line 
of  credit  or  industrial  revenue  bond)  for  major  funding  needs  or 
for  aggregate  university  funding,  because  tax-exempt  financing 
could  be  a  cheaper  form  of  debt  than  leasing  equipment  on  an 
individual  basis. 

Foundations  established  as  separate,  incorporated  entities  can 
provide  additional  financing  flexibility  to  state  universities.  Such 
foundations  can  offer  a  number  of  benefits  by  incurring  debt  and 
arranging  leasing  oh  behalf  of  a  university.  An  example  is  the 
Georgia  Tech  Research  Corporation  mentioned  in  Chapter  3.  A 
state  institution  and  the  ioundation  will  have  an  arm's-length 
relationship  that  can  provide  needed  financing  while  complying 
v^h  various  state  regulations. 


Municipal  Leases 

Municipal  leases  require  the  lessee  to 'be  a  state,  city,  or 
governmenttehtity,  and  so  do  no*  apply  to  private  universities. 
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For  tax  and  legal  purposes,  the  municipal  lease  is  considered  a 
conditional  sales  contract.  Municipal  leases  usually  include  the 
following,  provisions: 

•  Theoihiversity  receives  title  to  the  equipment  for  a  nominal 
fee  at  the  end  of  the  lease  term. 

c  No  down  payment  is  required  from  the  university. 

•  The  university  makes  clearly  defined  payments  of  principal 
and  uuNrest. 

•  The  lessor  receives  none  of  the  tax  benefits  of  ownership, 
but  can  treat  the  interest  portion  of  the  lease  payments  as  tax- 
exempt  income. 

•  The  lease  term  is  generally  on  a  fiscal  year-to-year  basis 
with  renewable  options;  the  university's  liability  is  limited  to  the 
actual  lease  term  (excluding  renewable  options),  so  it  can  cancel 
the  lease  at  the  end  of  each  year. 

Through  a  municipal  lease,  a  state  university  can  enter  into  a 
lease-purchase  agreement  and  still  meet  state  constitutional  or 
statutory  constraints  on  multiyear  debt.  The  cost  of  the  lease 
usually  ranges  from  70  o  90  percent  of  the  prime  interest  rate; 
the  high  cost  reflects  the  lessor^  risk  that  the  lease  can  be  can- 
celled on  a  year-to-year  basis.  Interest,  however,  is  the  only 
expense  associated  with  the  lease.  Also,  the  ability  to  cancel  on  a 
year-to-year  basis  provides  some  insurance  against  technological 
obsolescence. 

Municipal  le  tees  generally  are  used  to  acquire  equipment 
costing  in  the  range  of  $100,000  to  $1  million.  They  are  also 
useful  for  acquiring  lower  priced  equipment:  they  can  be  arranged 
quickly  and  normally  are  used  to  acquire  small  pieces  of  equip- 
ment that  depreciate  quickly  and  have  questionable  salvage  value. 


Mechanics 

In  arranging  a  municipal  lease,  the  university  selects  the  equip- 
ment and  deals  directly  with  the  vendor  on  the  sale  terms  and 
price.  When  the  terms  are  settled,  the  university  negotiates  the 
lease  with  a  third-party  iessor.  Municipal  leases  usually  include  a 
fiscal  funding  clause  to  protect  the  lessee  from  any  claims  the 
lessor  may  have  against  cancellation  of  the  lease.  The  clause 
makes  the  lease  conditional  on  full  appropriation  of  funds  to  pay 
the  lease  in  the  next  fiscal  year.  If  the  lease  includes  such  a 
clause,  the  lessor  may  require  a  nonsubstitution  clause  to  protect 
against  the  lessee's  cancelling  the  initial  lease  on  the  basis  of 
nonappropriations  and  then  leasing  similar  equipment  from 
another  lessor. 
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Third-Partyv  Lessors 

An  affiliated  nonprofit  organization  or  foundation  could  enter 
into  a  municipal  lease  arrangement  for  a  state  university.  The 
foundation  would ^act  as  a  third-party  lessor  and  could  provide: 

•  Additional  financial  s  purity  to  back  the  leasing 
arrangement. 

•  Review  of  department  heads1  and  principal  investigators1 
municipal-lease  requests  to  ensure  that  revenue  sources  are 
available  to  cover  lease  commitments. 

•  Management  of  the  leased  equipment. 

•  Support  for  collecting  and  paying  lease  payments. 

Additionally,  the  founda^on  would  not  be  subject  to  fiscal 
appropriations  and  would  be  able  to  plan  for  the  funding  of 
long-term  lease  contracts. 


Line  of  Credit 

A  university  that  anticipates  a  near-future  need  for  borrowed 
funds  but  does  not  know  its  specific  requirements  can  negotiate 
with  a  bank  for  a. line  of  credit.  The  line  of  credit  tepresents  an 
assurance  by  the  bank  that  funds  will  be  made  available  to  the 
university  as  needed,  based  on  the  terms  and  conditions  of  the 
initial  agreement  and  barring  any  major  changes  in  the  financial 
position  of  the  university.  Once  a  line  of  credit  is  negotiated,  the 
university  can  request  funds  from  the  bank.  The  banl:  reviews  the 
request(s)  and  extends  the  loans  up  to  the  stated  limit  of  the  line 
of  credit.  Lines  of  credit  usually  are  extended  for  one  to  five 
years  end  for  ceilings  of  %2  million  to  $15  million  on  outstanding 
loans. 

A  line  of  credit  gives  the  university  a  standby  source  of  funds 
that  can  be  obtained  without  having  to  renegotiate  terms  and  con- 
ditions each  time  a  loan  i.  needed.  By  paying  a  fee  on  the  unused 
portion  of  the  funds,  the  university  can  arrange  a  letter  of  credit 
or  a  standby  loan  guarantee  from  the  bank  to  ensure  the  funds' 
availability.. 


Mechanics  , 

A  university  with  an  established  credit  rating  can  most  likely 
negotiate  with  a  number  of  banks  before  arranging  a  line  of  credit 
with  one  of  them.  Depending  on  its  financial  strength,  the  univer- 
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sity  may  be  able  to  arrange  more  than  one  line  of  credit.  The 
general  terms  of  a  line     credit  specify: 

•  Interest  rate  will  average  60  to  75  percent  of  the  prime 
interest  rate  because  the  line  of  credit  is  considered  a  tax-exempt 
debt. 

•  Loan  ceiling  represents  the  total  amount  of  credit  that  the 
bank  will  extend  to  the  university  under  the  line  of  credit. 

•  Put  and  call  provisions  stale  the  period  in  which  the  bank 
can  request  repayment  in  full  of  all  outstanding  loans  and  the 
period  in  which  the  university  can  prepay  its  loan. 

•  Fee  represents  the  bank's  compensation  for  extending  the 
line  of  credit;  it  can  be  expressed  as  a  stadd  amount  or  as  a  per- 
centage of  the  unused  line  of  credit. 

•  Conditions  define  specific  terms  of  the  line  of  credit,  e.g., 
the  bank  may  ask  the  university  to  maintain  compensating  bank 
balances,  depending  on  the  underlying  credit  of  the  university  and 
the  bank's  loan  pricing  structure. 

•  Security  defines  the  collateral  the  bank  requires  to  support 
*  the  loan  (e.g.,  the  university's  pledge  of  unrestricted  endowment 

funds  or  a  lien  on  the  purchased  equipment). 


Procedures  for  Use 

Once  a  bank  line  of  credit  is  obtained,  the  university  should 
establish  procedures  for  using  it.  The  line  of  credit  could  be 
drawn  upon,  for  example,  to  meet  loan  requests  from  department 
heads  and  principal  investigators.  Each  request  would  have  to  be 
documented  to  justify  the  loan  and  demonstrate  a  source  of  reve- 
nue to  repay  it.  Internal  administrative  controls  would  have  to  be 
established  to  review  and  process  requests  and  ensure  that  the  use 
of  the  line  of  credit  conform*  to  budge taiy  ana  research  priorities. 
If  numerous  small  loans  were  made,  additional  administrative  con- 
trol would  be  required  to  monitor  loan  limits  and  debt  service* 


A  pooled  revenue  bond  is  issued  under  a  designated  govern- 
ment authority  to  meet  the  aggregate  funding  requirements  of  a 
group  of  state  <   private  institutions.  Bond  pools  are  of  two 
types:  a  blina  pool  does  not  identify  the  participating  universities 
or  the  projects  to  be  funded;  a  composite  pool  identifies  both. 

To  ensure  the  marketability  of  the  bond  issue,  the  authority 
will  most  likely  purchase  an  insurance  policy  -  iat  guarantees 


^ooled  Revenue  Bond 
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repayment  in  the  event  of  default  by  any  of  the  participating 
universities.  The  authority  may  require  a  participating  university 
that  does  not  have  an  established  credit  rating  to  obtain  a  letter 
of  credit  to  guarantee  its  loan  or  to  pledge  cash  and  securities  as 
collateral.  Financially  strong  universities  that  can  issue  their  own 
debt  may  not  gain  cost  advantages  from  participating  in  the  pool. 
The  participation  of  universities  with  established  credit  ratings, 
however,  is  important  to  ensure  that  the  pooled  revenue  bond  gets 
a  favorable  rating  and  can  be  marketed  to  investors. 

The  pooled  revenue  bond  meets  the  minimum  requirements  ($5 
million  to  $10  million)  for  a  marketable,  cost-effective  issue,  and 
the  costs  of  issuance  are  shared  by  the  participating  institutions. 
It  works  well  when  the  participants  need  similar  types  of  equip- 
ment: investors  are  looking  for  some  element  of  commonality- 
such  as  the  useful  life  of  equipment— so  that  they  can  better 
assess  their  risks.  The  mechanism  permits  a  university  to  finance 
equipment  purchases  that  would  not  warrant  issuance  of  a  revenue 
bond  on  its  own. 


Mechanics 

After  the  bonds  are  issued,  the  authority  enters  into  a  loan 
agreement  with  each  participating  institution.  The  agreement 
specifies  the  term  and  amount  of  the  loan,  the  repayment  sched- 
ule, and  the  interest  rate.  The  periods  of  the  participating 
institutions'  loans  generally  range  from  three  to  ten  years,  but  no 
loan  can  extend  past  the  maturity  date  of  the  bond  issue.  IRS 
regulations  give  the  authority  three  years  to  disburse  the  proceeds 
of  the  bond.  Within  that  period,  the  authority  may  invest  the 
proceeds  at  a  higher  rate  than  the  tax-exempt  rate  of  the  bonds 
to  reduce  the  borrowing  costs  to  the  participants. 


Tax-Exempt  Variable  Rate  Demand  Bond 

Tax-exempt  variable  rate  c<*mand  bonds  (VRDBs)  carry  a 
floating  interest  rate  set  periodically  in  one  of  three  v/ays: 

•  Percentage  of  prime  interest  rate. 

•  Percentage  of  90-day  U.S.  Treasury  Bill  rate  or  bond 
equivalent  basis. 

•  Indexed  to  tax-exempt  notes. 

The  VRDB,  nominally  issued  with  a  25  to  30  year  maturity, 
gives  the  univeisity  access  to  long-term  debt  at  short-term  rates. 
When  issuing  long-term  debt  is  not  feasible  or  is  relatively  expen- 
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sive,  VRDBs  permit  the  university  to  begin  construction  of  build- 
ings or  procure  equipment  without  funding  delays;  they  permit  th^ 
issuance  of  permanent  debt  to  be  postponed  until  conditions  in  the 
long-term  bond  market  improve.  The  short-term  feature  of  the 
VRDB  can  offer  quite  favorable  interest  rates,  which  may  range 
three  or  rr.Jre  percentage  points  below  fixed  long-term  bond  rates, 
VRDBs  entail  risks  if  the  university  plans  eventually  to  convert 
them  to  long-term  debt.  One  such  risk  is  the  uncertainty  in  the 
regulatory  environment,  which  may  restrict  the  university's 
ability  to  issue  long-tsrm  debt.  One  of  the  many  varieties  of 
variable  rate  demand  bonds  is  the  adjustable  rate  option  bond 
described  in  Example  G,  Appendix  H. 


Mechanics 

VRDBs  are  issued  for  the  jniversity  by  a  designated  state  or 
local  authority.  The  bonds  are  sold  to  short-term  investors, 
normally  tax-exempt  money  market  funds  that  can  only  hold 
securities  with  maturities  of  90  days  or  less.  The  terms  generally 
give  the  investor  the  option  of  returning  the  bonds  to  the  issuer 
after  giving  a  seven-day  notice  and  give  the  issuer  t!<e  option  of 
recalling  the  bonds  from  the  investors  upon  a  30-day  n  >tice.  (The 
adjustable  rate  option  bond  in  the  example  allows  only  annual 
returns  of  the  bonds  for  payment.)  Because  the  invebtur  can 
return  the  bonds,  the  university  must  demonstrate  its  ability  to 
pay  for  them.  If  the  bonds  can  be  immediately  resold,  the  univer- 
sity can  readily  repay  the  investor.  If  new  investors  cannot  be 
found,  however,  the  university  needs  some  way  to  raise  the  neces- 
sary capital.  The  most  common  way  is  a  bank  letter  of  credit. 

Through  a  letter  of  credit  agreement,  the  bank  lends  the 
university  the  necessary  funds  at  a  specified  rate  of  interest  and 
with  a  set  repayment  schedule.  Borrowing  under  the  terms  of  the 
letter  of  credit  can  be  costly,  in  that  the  interest  rate  is  higher 
than  the  university  is  paying  on  the  VRDBs.  Most  universities  will 
have  to  use  it,  however,  because  the  institution  may  have  insuf- 
ficient cash  reserves  to  ensure  repayment  of  the  VRDBs.  With 
the  letter  of  credit  the  bank  may  provide  other  services,  including 
placement  of  the  initial  bond  offering  and  assistance  in  locating 
new  investors  if  initial  investors  return  the  VRDBs.  (In  many 
cases,  investment  bankers  provide  the  marketing  and  remarketing 
service.)  The  university  and  its  bank  negotiate  the  terms  of  the 
letter  of  credit,  which  generally  costs  from  1  to  1.5  percent  of 
the  amount  of  the  issue  and  has  a  five-year  term  with  cancel- 
lation and  renewal  clauses. 
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Tax-Exempt  Commercial  Paper 


Tax-exempt  commercial  paper  (TECP)  consists  of  a  program 
or  series  of  short-term  obligations  with  maturities  of  270  days  or 
less,  issued  by  a  designated  authority  for  a  pool  of  universities* 
TECP  gives  universities  he  flexibility  and  liquidity  of  short-term 
borrowing  at  the  lower  interest  rates  offered  on  tax-exempt 
securities.  Issuance  costs  are  shared  by  the  participants.  Addi- 
tionally, the  TECP  is  designed  to  be  rolled  over  at  maturity 
without  delays  and  added  issaance  cost,  so  the  university  is  not 
locked  into  long-term  debt  and  can  repay  the  loan  at  any  time 
without  penalty. 


Mechanics 

The  designated  authority  would  issue  the  tax-exempt  com- 
mercial paper  and  provide  the  funds  to  participating  institutions 
that  request  loans  to  finance  the  construction  or  renovation  of 
building  and  the  acquisition  of  equipment.  The  issued  amount  of 
the  TECP  would  reflect  the  aggregate  amount  of  the  participating 
institutions'  loan  requests  over  the  period  of  the  pror-am,  say, 
two  or  three  years.  The  relatively  high  cost  of  setting  up  a  tax- 
exempt  commercial  paper  program  makes  it  necessary  to  aggre- 
gate fairly  large  pools  of  money.  The  minimum  for  the  pool 
commonly  is  $50  million. 

The  TECP  would  be  a  limited  obligation  of  the  authority  and 
would  represent  no  obligation  of  the  authorizing  state  or  county. 
The  financial  backing  for  the  issue  is  the  revenues  and  pledged 
funds  of  the  participating  universities.  Before  a  loan  is  made,  the 
authority  must  approve  the  creditworthiness  of  the  participating 
institutions.  An  institution  that  does  not  have  an  established 
credit  rating  could  obtain  a  letter  of  credit  or  pledge  assets  as 
collateral.  The  authority  would  make  a  long-term  loan  to  the 
institution  for  a  period  not  greater  than  the  expected  life  of  the 
debt  program,  which  could  be  as  long  as  10  years. 

The  university  would  repay  its  loan  in  equal  monthly  install- 
ments that  would  reflect  repayment  of  principal  and  the  costs  of 
interest,  administration,  and  issuance.  The  interest  on  the  loan 
would  be  determined  monthly  and  reflect  the  average  interest 
rates  of  TECPs  sold  during  the  month.  Repayment  of  the  TECP  is 
based  solely  on  participating  institutions1  loan  payments  to  the 
authority. 
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V-  LCir^G-TERM  DEBT  INSTRUMENTS 

.v ^  J«pngrt^i|)kiinanqingxommit?:a  university  to.;l,0  to, 30  years  of 
debt.  Tax^xempt  ^everiue  boncb  anji  general; obligation  bonds  are 
jthe  major  fogms.oj^long^texjn,tinjapcing.  rGert.ific3tes.0f  participa- 
tion, ihdustraaL^^^  and  "on  >  behalf  0L..!1  debt 
instruments-are  specific, forms  of  revenue  bonds.  *  .    •  . 

m?       Types,-pf  Tax-Exempt  Bonds  - 

,For  state,  local,  and  other  municipal  government  entities  and 
authorities,  ^municipal  bonds. arje  a  major,  means  of  financing  the 
.  construction  and  ma^  Municipal 
bonds  are  cost  effective, because  the  interes^paid  to  the  bond 
holders  is  exempt  from  federal  income  tax  and  sometimes  from 
state  or  local  income  tax.  The  tax-exempt  status  permits  issuers 
of  municipal  bonds  to  pay  lower  interest  rates  than  are  paid  on 
corporate  bonds. 

Municipal*  bonds:ar;e<  differentiated  by  the  type  of  funds  that 
secure*payment.„  The  bonds  are  of  two  general  types: . 

„   j&  General-obligation  bonds  are  secured  by  the  taxing-power  of 
the*,state  or  local  government.  Allsources  of  the, specified 

.goyernment.unit's  revenues  will  be  used  to  pay  off  *he  debt, 
unless  specif ically* excluded.  The  bonds  are  backed  by  the  "full 
faith  and  credit1*  of  the  state.or:locaLgovernment. 

•  Revenue  bonds  are  issued  to  finance  a  .specific  revenuer 
generating  projec  •  They  are  secured  by  the  projects  revenue  and 
are  not  backed  by  the  "full  faith  and  credit"  of  a  state  or  local 
government. 

Long-term  debt  financing  for  universities  generally  involves 
revenue  bonds  or  industrial,  development-bonds.  The  industrial 
development  bond  is  issued  by  a  state,  local,  or  other  designated 
government  entity  to  finance  the  construction  or  purchase  of 
plant  facilities  or  equipment  to.besleased  and  used  by  a  private 
entity.  The. bond  is,j>acked  by  the  credit  of  the  private  entity  and 
not  by  .the  issuing  ^government  entity; 

Revenue; bonds,  do  not  burden  the  credit  capacity  of  the  munici- 
pality nor  require  areferendum,  as  do.  most  general  obligation 
bonds.  The  state  or  local  government  issues  the  revenue  bonds  or 
empowers  an  authority,  commission,  special  district,  or  other  unit 
to  issue  thejbonds  apd  construct  and  operate  or  lease  the  specified 
building/equipment. 

Revenue  and  industrial- development  bonds  can  be  used  by  both 
state  and  private  institutions.  The  tax-exempt  bond  can  be  issued 
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as  Jong  as  it  fulfills  *a  "public  purpose"  under  state  law  in  accor- 
dance with  Internal  Revenue  Code  Section  103i  State  universities 
en  joy  tax^xempt  status  because  they  are  considered  subdivisions 
ofcthe  state/  2¥  priv^university^howfevdf,  must  use  a  tax- 
exempt'conduit'such  as  a  county,  industrial  development Author- 
ity, Mucatipnal  facilities  authority,  or  similar  agency.  Revenue 
bonds  issued  by-both  state  and  private  ^universities  are  backed  by 
the  <^^itworthiness  of  the  institution.  If  it  does  not  have  suf- 
ficient collateral  to^atiract  investors,  the  issue  would  most  likely 
have fto  b^  undemKitten  by  an  Insurance  company  to  ensure  its 
marketability.  Other  forms  of  credit  enhancement  are  available. 
The  university  might  obtain  a  letter  of  credit,  for  example,  or, 
where  feasible,  set  aside  a  portion  of  endowments  as  collateral. 
Such  credit  enhancements  nave  the  effect  of  lowering  the  interest 
rate. that  must  be  paid  to  attract  investors. 


Mechanics      ^  ' 

The  tax-exempt  bond  is  a  legal  promise  by  the  backer- 
municipality,  political  subdivision,  designated  public  authority, 
state  univarsity,.or  private  university— to  pay  the  investor  a 
specified  amount  of  money  on  a  specified  date  and  to  pay  interest 
at  the  stated  period  and  rate.  A  bond  issuance  basically  involves 
four  main  parties  orgrqups  of  individuals: 

•  The  institution— in  this  case  a  state  or  private  university, 
responsible  for  paying  principal  and  interest  from  its  own 
revenues.  » 

•  The  issuer— a  governmental  entity  or  designated  authority 
that  borrows  money  through  sale  of  tax-exempt  bonds. 

•  The  dealers— securities  firms  or  commercial  banks  that 
underwrite,  trade,rahd'sell  securities. 

"  •<  The  investors-tax-exempt  bond  funds,  banks,  casualty 
insurers,  and  individuals. 

The  minimum  feasible  amount  of  a  bond  issue  is  normally  $3 
million  because  of  the  sizable  costs  of  bringing  the  issue  to  mar- 
ket. These  costs  would  include  legal,  accounting,  and  brokerage 
fees  asrwell  astincidental  costs  such  as  printing.  Individual  bonds 
have  a  minimum  face  value  of  $5,000,  but  on  average  are  issued  in 
$25,000  denominations. 

Legal  and  *ax  counsel  are  essential  to  ensure  that  all  report- 
ing, tax,  and  disclosure  requirements  are  met.  Municipal  security 
issues  do  not  have  to  follow  the  reporting  requirements  of  the 
Securities  and  Exchange  Commission  (SEC),  but  the  Municipal 
Securities  Rulemaking  Board,  an  independent,  se' '  igulatory 
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organization  of  dealers,  banks,  and  brokers,  has  establ^hed  guide- 
lines for  the  municipal  securities  industry.  A  potential  issue  would 
be  governed  by  the  antif  raud  provisions  of  the  Securities  Acts  and 
SEC  Rule  10b-5.  Additionally,  a  tax-exempt  bond  must  adhere  to 
Internal  Revenue  Code  Section  103,  which  defines  the  types  of 
.facilities  that  can  be  financed  with  tax-exempt  bonds. 


Certificates  of  participation  (CPs)  are  a  relatively  new  debt 
instrument  that  resulted  from  the  need  of  public  institutions  to 
lease  high-priced  facilities.  This  form  of  financing  provides  access 
to  the  equivalent  of  long-term  debt,  but  does  not  constitute  direct 
indebtedness.  The  legalstru'-ture  of  CPs  is  basically  the  same  as 
for  a  lease-purchase  agreement.  CPs,  however,  allow  a  university 
to  lease  costly  facilities  and  equipment  with  several  investors 
acting  as  the  lessor.  CPs  represent  a  share  in  a  lease— the  certifi- 
cate holder  has  an  interest  in  the  lease  proportional  to  the  per- 
centage of  the  investment.  The  underwriting  for  CPs  is  complex 
and  lengthy;  the  efforts  and  cost  are  comparable  to  those  of 
issuing  a  revenue  bond.  CP  investors  will  require  some  form  of 
security  from  the  university  to,  ensure  that  funds  are  available  to 
meet  lease  payments.  In  some  cases,  the  university  may  have  to 
purchase  a  letter  of  credit  or  establish  a  debt  reserve  fund  to 
cover  one  year's  debt  service.  The  cost  of  placement  requires 
that  the  CPs  be  issued  for  at  least  $1  million. 


"On  behalf  of  ..."  financing  is  arranged  by  a  third-party  guar- 
antor for  a  state  or  private  institution.  The  financing  could  take 
the  form  of  either  a  revenue  bond  or  a.  lease.  Generally,  "on 
behalf  of  ..."  financing  is  used  for  special  equipment.  A  tax- 
exempt  foundation  (third-party  guarantor)  issues  a  revenue  bond 
on  behalf  of  the  university  to  purchase  the  equipment.  When  the 
equipment  is  acquired,  the  foundation  leases  it  to  the  university. 
The  university  makes  le?se  payments  to  the  foundation  and 
receives  title  to  the  propc  ty  at  the  end  of  the  lease.  Although 
the  foundation  is  the  guar    tor  of  the  "on  behalf  of  ..."  issue,  the 
bond  or  lease  represents  a.     direct  obligation  of  the  institution. 
"On  behalf  of  ..."  investors  the  university!s  revenue- 

generating  capability  and  crec!itwo>    "  ess  to  evaluate  the 
riskiness  of  the  issue.  ■ 

An  advantage  of  "on  behalf  of  ..."  fu..         is  that  the  debt 
does  not  appear  on  the  university's  balance  _.«^et.  The  financial 
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impact  on  the  university  is  reflected  as  a  contingent  liability  for 
future  lease  payments.  The  leasing  arrangement  between  the 
foundation  and  the  university  is  on  a  year-to-year  basis  with 
*     annual  renewal  options.  A  state  university  would  use  "on  behalf 
of  ..."  financing  only  when  revenue  bonds  could  not  be  issued. 
Some  state  governments  have  legislative  authority  over  the  state 
university's  ability  to  issue  revenue  bonds  and  can  restrict  the 
purpose  of  the  bond  and  the  use  of  the  funds.  "On  behalf  of  ..." 
financing  would  be  easier  to  issue  than  revenue  bonds  in  these 
states,  but  the  cost  of  issuance  is  higher. 


A  number  of  innovative  financing  techniques  have  been  used 
for  state  and  private  universities.  One  of  these  is  to  structure  the 
bond  issue  so  that  the  institution's  alumni  may  be  investors,  not 
just  contributors.  The  bonds  are  issued  and  purchased  by  alumni. 
The  proceeds  are  placed  in  an  irrevocable  charitable  remainder 
trust  from  which  interest  payments  are  made  to  the  bond  holders. 
The  alumni  can  claim  the  principal  of  the  bond  as  a  charitable 
donation  for  tax  purposes  and  also  can  treat  the  interest  as 
tax-exempt  income.  When  the  bonds  mature,  the  trust  is  retired 
and  the  principal  goes  to  the  university.  The  financial  advantage 
to  the  university  is  a  substantial  reduction  in  debt  service.  The 
major  disadvantage  of  this  type  of  financing  is  that  the  institution 
does  not  have  use  of  the  funds  until  the  bonds  are  retired;  for  this 
reason,  the  bonds  should  be  issued  with  short-term  maturity. 


A  mechanism  proposed  recently  by  an  investment  banking  firm 
involves  a  lease  pool  large  enough  to  spread  financing  costs  over 
many  leases  vith  consequent  economies  of  scale.  The  goal  is  to 
finance  acquisition  of  equipment  from  research  awards  over  three 
to  seven  years  while  avoiding  the  problems  associated  with  pool- 
ing funds  from  different  award  periods  and  possibly  from  different 
awards. 

The  proposal  envisions  a  grantor  trust  created  to  acquire 
tax-exempt  lease  obligations  of  participating  universities.  (The 
specific  proposal  involves  a  nonprofit  corporation  of  some  55 
universities— the  Universities  Space  Research  Association- 
formed  originally  for  other  purposes.)  The  trust  would  offer 
investors  certificates  of  participation  that  provide  tax-exempt 
income  and  return  of  capital  in  three  to  seven  years.  An  initial 
offering  on  the  order  pf  $20  million  is  contemplated.  Addition- 


INNOVATIVE  TECHNIQUES 


Grantor  Trust 


ERIC 


580 


575 


ally,  corporate  guarantees  would  be  sought  to  cover  up  to  25 
percent  of  the  pool  in  case  of  defaults  or  failure  to  exercise 
annual  lease-renewal  options.  Advances  made  by  corporations 
under  these  guarantees  would  be  structured  as  tax-deductible 
contributions.  The  guarantees  would  be  designed  primarily  to 
make  the  certificates  of  participation  more  attractive  to  inves- 
tors, and  the  grantor  trust  wouid  not  anticipate  involving  them. 

RECOMMENDATIONS 

Universities  traditionally  have  used  tax-exempt  debt  financing 
to  spread  payments  for  costly  facilities  over  periods  of  years  and 
lately  have  been  using  the  method  to  some  extent  to  buy  research 
equipment.  A  number  of  financing  methods  can  be  adapted  to  the 
special  characteristics  of  equipment,  such  as  its  relatively  short 
technologically  useful  life.  A  noteworthy  aspect  of  debt  financing 
is  its  imposition  of  risk  on  the  university  as  a  whole,  which  re- 
quires a  shift  from  decentralized  toward  centralized  authority. 

We  recommend... 

1 .  That  universities  explore  greater  use  of  debt  financing  as  a 
means  of  acquiring  research  equipment,  but  with  careful  regard 
for  the  long-term  consequences.  Universities  vary  widely  in  their 
use  of  debt  financing,  but  a  universal  concern  is  the  need  for  a 
reliable  stream  of  income  to  make  the  debt  payments.  It  should 
also  be  recognized  that  the  necessary  commitment  of  institutional 
resources,  regardless  of  the  purpose  of  the  debt  financing,  erodes 
the  university's  control  of  its  future,  in  part  by  reducing  the  flexi- 
bility to  pursue  promising  new  opportunities  as  they  arise.  Debt 
financing  also  increases  the  overall  cost  of  research  equipment  to 
both  universities  and  sponsors  of  research. 

2.  That  universities  that  have  not  done  so  develop  expertise 
on  leasing  and  debt  financing  of  equipment.  This  expertise  should 
include  the  ability  to  determine  and  communicate  the  true  costs 
of  debt  financing  and  should  be  readily  accessible  to  research  . 
administrators  and  principal  investigators.  The  increasing  com- 
plexity of  tax-exempt  debt  financing,  the  many  participants,  the 
necessary  legal  opinions,  and  the  various  political  and/or  cor- 
porate entities  associated  with  debt  financing  make  it  essential 
that  universities  fully  understand  the  marketplace. 
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Private  Support  of  Academic  Research 
Equipment 


INTRODUCTION 

Higher  education  in  this  country  has  long  enjoyed  significant 
support  from  private  sources,  including  individuals,  foundations, 
and  business  and  industry.  Universities  increasingly  have  been 
seeking  such  support,  and  it  has  risen  steadily  in  recent  years. 
Private  assistance  to  academe  takes  various  forms,  and  in  some 
measure  is  helping  to  address  the  need  for  research  equipment. 

An  increase  in  private  support  for  academic  research  equip- 
ment was  one  of  the  aims  of  the  federal  Economic  Recovery  Tax 
Act  (ERTA)  of  1981  (PL  97-34).  The  act  resulted  from  concern 
over  the  nation's  industrial  strength  and  was  designed  in  part  to 
spur  research  and  development,  both  academic  and  industrial.  It 
permits  special  charitable  deductions  for  scientific  equipment 
contributed  by  its  manufacturers  to  colleges  and  universities.  It 
also  provide-,  tax  credits  for  industrial  spending  on  R&D  con- 
ducted both  in-house  and  by  other  performers,  including 
universities.  The  act  took  effect  in  August  1981,  and,  unless 
extended,  certain  provisions  will  expire  December  31,  1985. 


Extent  of  Private  Support 

Data  on  trends  in  funding  of  academic  research  equipment  do 
not  exist.  Data  are  available,  however,  from  the  NSF  National 
Survey  of  Academic  Research  Instruments  on  major  instrumenta- 
tion systems  in  use  in  1982-1983.  The  data  show  that  industry 
funded  4  percent  of  the  aggregate  acquisition  cost  of  such  sys- 
tems and  that  individuals  and  nonprofit  organizations  funded  5 
percent  (Table  3,  Chapter  2)..  The  NSF  data  show  also  that  about 
2  percent  of  the  instrumentation  systems  in  use  in  1982-1983  were 
donated,  as  opposed  to  being  purchased  by  the  universities  (Table 
7). 
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:;TABLE  7  Means  of  Acquisition  of  Academic  Research  Instrument  Systems  in  Use  in  1982-1983, 
f*by  Field  (Number  and  Percent  of  In-Use  Systems) 
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-  SOURCE:  National  Science  Foundation,  National  Survey  of  Academic  Research  Instruments  and  Instrumentation 
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Trends  in  funding  of  R&D  presumably  apply  grossly  to  the 
funding  of  the  associated  equipment.  For  example,  in  1983  indus- 
try funded  about  5  percent  of -academic  R&D.  Industrial  funding 
of.  academic  R&D,  in  constant  dollars,  grew  at  an  average  annual 
rate  of  6.7  percent  during  1967-1983  (Appendix  A).  The  compa- 
rable-growth  rate  for  federal  funding  was  1.6  percent.  Federal 
funding  of  academic  R&D  in  1983,  however,  totaled  $4.96  billion 
(current  dollars),  or  64  percent  of  total  funding  and  more  than  13 
times.  the  industriaLcoritrlbution.  A  drop  of  1  percent  in  the  fed- 
eral support  of  university  research  would  require  a  20  percent 
increase  in  industry  support  to  make  up  for  it.*k  * 

In  addition  to  the  foregoing  NSF  data  is  ^formation  on  cor- 
porate support  of  academe,  compiled  by  the^Council  for  Financial 
A;id  to  Education;  (CFAE).  The  two  sets  of  ciata  partly  overlap  and 
so  cahnbt  be  combir^d  to  give  totals.  In  any  event,  the  CFAE  data 
show  that  voluntary  private  support  of  higher  education,  from  all 
spurces1,  more  than*tripled  during  1966-1983,  to  $5.l#billion. 
Corporate  support  has  been  rising  faster  than  other  private  fund- 
ing ahdun  1983  comprised  21.4  percent  of  the  total.  Corporate 
support  also  is  more  than  twice  as  likely  to  be  earmarked  for-, 
research  as;  are- contributions  from  other  private  sources;  cor- 
porate ^iymg  so  earmarked  in  1983  Was  25  percent  of  the  total,  or 
$274  ntillioh  (F:ig(lre  9).  The  most  dramatic  change  in  corporate 
giving  bet\v  ^en  1980:  and  i'982,  QFAEJs^most  recent  survey  years, 
was  in  (jepartmerital  £nd  research  grants,  which, almost  doubled.2 
Gifts  of  equipment  accounted  for  much  of  the  gainJ  CFAE 
believes  that  ERTA  contributed  significantly  to  corporate  giving 
of  equipment. 


MECHANISMS  OF  CORPORATE  SUPPORT 

Companies  support  acquisition  of  academic  research  equip- 
ment by  a  variety  of  means  in  addition  to  donations  of  equipment 
itself.  These  mechanisms  include  cash  gifts,  contract  research, 
discounts  on  equipment,  industrial  affiliate  programs,  research 
centers  and  consortia,  and  informal  loans  and  sharing. 

Donation  of  equipment  have  been  particularly  common  in 
computing,  microelectronics,,  and  engineering,  but  less  so  in  other 
areas.  Equipment  offered  for  donation,  however,  may  not  be 
state  of  the  art,  particularly  in  industries  where  the  technology  is 
advancing  rapidly.  Also  common  are  offers  of  instrumentation 
that  does  not  meet  theV^search  needs  of  the  proposed  recipient. 
Further,  donations  of  equipment  generally  do  not  provide  for  the 
costs  of  renovating  space  and  installing,  operating,  and  maintain- 
ing the  equipment.  These  costs  have  prevented  some  universities 
from  accepting  donations.  In  Chapter  3  we^cited  the  university 
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FIGURE  9 

National  Estimates  of  Corporate  Voluntary 
Support  of  Colleges  and  Universities 
Fiscal  Years  1975-1 98* 
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visited  by  the  study  team  that  declined  a  gift  oi  computer-aided 
design  equipment  because  it  could  not  afford  the  $170,000  per 
year  required  to  operate  it. 

Cash  gifts  support  a  variety  of  research  and  instructional 
needs,  including  research  equipment.  Some  companies  have  set  up 
organizations  to  plan  corporate  philanthropy,  including  matching 
of  employees'  contributions  to  colleges  and  universities.  Com- 
panies sometimes  help  to  support  the  research  of  a  particular 
investigator  or  program.  Unrestricted  cash  gifts  often  are  applied 
wholly  or  partly  to  the  costs  of  acquiring  and  using  instrumenta- 
tion and  sometimes  are  used  to  meet  federal  matching  require- 
ments for  buying  equipment. 

Companies  generally  fund  contract  research  at  universities  on 
a  project-by-project  basis,  much  as  federal  agencies  support 
contract  research.  Academic  investigators  and  administrators, 
however,  report  significant  differences  in  the  handling  of  indus- 
trial and  federal  research  contracts.  Negotiations  with  industry 
are  not  hampered  by  the  problems  associated  with  federal  reg* 
ulations  identified  in  Chapter  1.  Corporate  negotiators,  more- 
over, recognize  that  state-of-the-art  equipment  and  the  costs  of 
operating  and  maintaining  it  are  part  of  the  price  of  effective 
research.  Contracts  with  industry,  therefore,  are  more  likely  to 
cover  all  of  these  costs  than  are  federal  contracts. 

Companies  frequently  use  discounts  and  flexible  payment 
schedules,  often  free  of  interest,  to  help  universities  obtain  re- 
search equipment.  These  mechanisms  in  the  aggregate  can  pro- 
vide substantial  benefits  to  universities.  One  company  visited  by 
the  study  team  used  a  two-for-one  discount  on  purchase  of  new 
equipment  to  generate  goodvill  and  to  institute  a  series  of  infor- 
mal exchanges  between  its  scientists  and  investigators  at  the 
recipient  school. 


Industrial  Affiliates 

Industrial  affiliate  programs  (also  called  industrial  liaison 
programs)  provide  substantial  support  for  departments  and 
programs  at  a  number  of  universities.  The  companies  involved 
pay  annual  membership  fees  that  vary  with  the  arrangement,  but 
often  are  in  the  range  of  $30,000  to  $50,000  per  company.  The 
university  in  turn  generally  provides  seminars  conducted  by 
faculty,  preprints  of  publications,  copies  of  theses  and  disserta- 
tions, and  informal  contact  with  faculty  and  students.  Some 
programs  also  provide  a  limited  kmount  of  consulting  by  faculty 
at  no  charge.  These  industrial  affiliate  arrangements  can  provide 
considerable  discretionary  funding,  which  could  be  used  to  pur- 
chase research  equipment. 

* 

o  -  587 

ERIC  a*. 


582 


An  elaboration  of  the  industrial  affiliate  concept  is  the  re- 
search center  or  consortium.  These  arrangements  may  be  orga- 
nized to  pursue  mission-oriented  research.  Centers  for  research 
on  very  large-scale  integration  of  electronics,  for  example,  are 
being  established  at  MIT  and  Stanford.  The  corporate  members  of 
the  Stanford  center  initially  contributed  $750,000  each.  Of  the 
$20  million  thus  raised,  more  than     million  was  used  to  acquire 
state-of-the-art  instrumentation.  Annual  corporate  dues  are 
$100,000  per  company  and  are  expected  to  comprise  one-sixth  of 
the  center1?  sponsored  research  budget,  with  the  remainder  to 
come  from  federal  agencies.  The  privileges  of  membership  in- 
clude limited  rights  to  certain  aspects  of  the  technology  devel- 
oped in  the  center's  research  programs. 

A  somewhat  different  approach  is  the  Houston  Area  Research 
Center  (HARC).  It  was  formed  in  1982  by  four  universities— Rice, 
Texas  AicM,  Houston,  and  Texis-Au3tin— to  conduct  research  that 
none  of  them  could  handle  easily  alone.  HARC  received  private 
funding  initially,  and  now  has  begun  to  receive  federal  contract 
funding.  Projects  under  way  in  198*  included  raising  funds  for  a 
supercomputer  for  the  four  schools  and  surrounding  industry, 
development  of  geological  testing  techniques  and  large-scale 
geological  surveys  and  studies,  and  support  for  activities  in 
high-energy  physics. 

Another  vehicle  of  corporate  support  is  a  nonprofit  corpora- 
tion, supported  by  contributions  from  companies,  which  funds 
contract  research  at  universities.  The  arm's-length  sponsored 
research  agreements  negotiated  can  provide  significant  funding 
for  research  equipment.  One  example  of  such  an  arrangement  is 
the  Center  for  Biotechnology  Research,  in  San  Francisco,  Califor- 
nia. It  is  supported  by  six  companies  and  administered  by  a  three- 
member  board  of  trustees. 

Academic  investigators  occasionally  benefit  from  informal 
loans  or  sharing  of  company-owned  equipment.  Most  often  such 
arrangements  result  from  personal  c  Kn tacts  between  scientists. 


A  critical  issue  in  academic-corporate  relationships  is  preser- 
vation of  the  academic  freedom  that  contributes  so  much  to  the 
strength  of  research  in  our  universities.  The  proprietary  interests 
of  a  corporate  sponsor  of  research,  for  example,  are  inherently  in 
conflict  with  the  academic  practice  of  open  and  rapid  dissemina- 
tion of  research  results.  Means  of  managing  academic-industrial 
relationships  have  been  examined  increasingly  in  recent  years  as 
such  arrangements  have  proliferated.^**  The  general  issue  is 
beyond  the  scope  of  this  report,  but  certainly  must  be  considered 
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in  arrangements  to  secure  corporate  funding  of  academic  research 
equipment. 


The  NSF  data  cited  earlier  indicate  that  private  individuals, 
not-for-profit  organizations,. and  foundations  fund  academic 
research  equipment  at  a  level  comparable  to  corporate  support. 
Philanthropic  programs  generally  support  instrumentation  through 
research  grants  and  general  program  support.  Universities  have 
raised  matching  funds  for  research  equipment  from  individual 
private  donors  and  philanthropic  organizations.  The  added  lever- 
age of  matching  funds,  plus  the  appeal  of  current  sophisticated 
technology,  help  scientific  research  to  compete  with  efforts  to 
raise  funds  for  other  activities,  such  as  athletic  programs  and 
hospitals.  Universities  report  that  fund  drives  for  specific  items 
of  research  equipment  have  proved  effective. 

Individuals  also  may  help  to  fund  academic  research  equipment 
by  investing  in  bonds  issued  to  raise  money  for  universities  (see 
Chapter  4)  or  in  research  and  development  limited  partnerships 
(see  below). 


Corporate  and  other  private  entities  traditionally  ha  #e  been 
allowed  tax  deductions  for  donations  of  cash  and  property  to  col- 
leges and  universities.  ERTA,  however,  in  response  to  the  need 
for  research  equipment  in  academe,  attached  permanent  special 
tax  benefits  to  donations  of  such  equipment  by  its  manufacturers. 
Also,  in  accord  with  its  basic  goal  of  spurring  technology,  ERTA 
created  additional  tax  credits  for  industrial  investment  in  re- 
search and  development,  including  academic  R&D.  (Unless 
extended,  the  R&D  tax  credit  will  expire  December  51,  1985.) 
Further,  most  of  the  states  in  recent  years  have  adopted  tax 
incentives  identical  or  similar  to  the  federal  provisions  relating  to 
contributions  of  scientific  equipment.  In  addition  to  these  federal 
and  state  provisions,  tax  benefits  are  available  to  research  and 
development  limited  partnerships,  which  might  provide  some 
support  for  academic  research  programs. 


A  company  that  donates  equipment  to  a  charitable  (tax- 
exempt)  organization  generally  is  allowed  a  tax  deduction  equal  to 
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the  cost  of  the  equipment  to  the  company  (production  cost). 
ERTA  increased  the  deduction  to  production  cost  plus  half  of  the 
difference  between  cost  and  fair  market  value  (normal  selling 
price)  for  equipment  donated  to  institutions  of  higher  education, 
subject  to  certain  provisos,  among  them: 

•  The  donor  must  be  the  manufacturer  of  the  equipment.  The 
cost  of  parts  from  outside  suppliers  may  not  exceed  50  percent  of 
the  donor's  cost  in  the  equipment. 

•  The  equipment  must  have  been  manufactured  no  more  than 
two  years  before  donation,  and  the  university  must  be  the  original 
user. 

•  At  least  80  percent  of  the  use  of  the  equipment  must  be  for 
research  or  research  training  in  the  physical  or  biological 
sciences.  Direct  education  of  students  in  these  fields  is  excluded, 
and  the  social  and  behavioral  sciences  are  excluded  altogether. 

•  The  equipment  must  be  used  in  the  United  States,  and  the 
university  may  not  transfer  it  to  others  for  money,  other  property, 
cr  services.  The  university  must  verify  in  writing  that  it  will 
meet  all  use  and  disposition  requirements. 

•  The  deduction  is  limited  to  twice  the  production  cost  of  the 
equipment.  If  the  cost  of  the  equipment  to  the  manufacturer  is 
$100,  for  example,  the  tax  deduction  is  limited  to  $200,  regard- 
less of  the  normal  selling  price  of  the  equipment. 

In  addition  to  increasing  the  deduction  for  such  contributions, 
ERTA  raised  the  limit  for  corporate  charitable  deductions  from  5 
percent  to  10  percent  oi  taxable  income.  Although  many  corpor- 
ate donors  do  not  reach  even  the  5  percent  limit,  some  do,  and  the 
higher  limit  on  deductions  clearly  could  affect  the  level  of  cor- 
porate contributions  of  equipment  to  academe. 

The  incentive  provided  by  ERTA  for  donating  qualified  equip- 
ment to  colleges  and  universities  can  be  assessed  on  two  bases: 
the  direct  cost  of  donation  (production  cost  less  tax  benefit)  and 
the  total  cost  of  donation  (production  cost,  plus  net  income  fore- 
gone by  donating  rather  than  selling,  less  tax  benefit).5  These 
relationships  are  shown  in  Table  8,  using  a  production  cost  of  $100 
and  selling  prices  of  $100,  $300,  and  $400.  Note  that  the  tax 
deduction  under  ERTA  plateaus  at  a  selling  price  of  $200  (twice 
the  production  cost).  At  that  point,  ERTA  confers  its  maximum 
reduction,  about  28  percent,  in  total  cost  of  donation.  Net  in- 
come foregone,  however,  continues  to  rise,  so  that,  at  a  selling 
price  of  $400,  ERTA  reduces  the  total  cost  of  donation  by  about 
21  percent.  Even  so,  it  would  appear  that  ERTA  offers  a  signifi- 
cant incentive  tcj  donate  qualified  equipment  to  academe.  If  the 
data  of  Table  8  are  raised  to  more  realistic  levels— say,  a  produc- 
tion cost  of  $100,000  and  a  selling  price  of  $300,000— the  direct 
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TABLE  8  Effect  of  ERTA  on  Cost  of  Donating  Equipment 
(in  Dollars) 


ERTA/non-ERTA 


Production  cost 


100/100 


100/100 


100/100 


Selling  price 


100/100 


300/300 


Tax  deduction 


100/100 


200/100 


200/100 


Tax  benefit 
(at  46  percent 
tax  rate) 


46/46 


92/46 


92/46 


Direct  cost  of 
donating 
(cost  less 
benefit) 


54/54 


Net  income  foregone  0/0 
(price  less  cost 
less  tax  on  gross 
profit) 

Total  cost  of  54/54 
donating 
(cost  plus  net 
income  foregone) 


8/54 


108/108 


116/162 


8/54 


162/162 


170/216 


SOURCE:  Eileen  L»  Collins,  An  Early  Assessment  of  Three  R&D 
Tax  Incentives  Provided  by  the  Economic  Recovery  Tax  Act  of 
1981  (Washington,  D»C»:  National  Science  Foundation,  April  1983). 
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cost  of  donating  becomes  $8,000  under  ERTA  and  $5*,000  without 
ERTA.  Similarly,  the  total  cost  of  donating  becomes  5116,000 
under  ERTA  and  $162,000  without  ERTA. 


A  company  that  wishes  to  provide  qualified  research  equip- 
ment to  a  university  but  is  unwilling  to  donate  it  outright  may 
still  obtain  tax  benefits  under  ERTA  by  means  of  a  bargain  sale. 
A  bargain  sale  is  a  sale  for  less  than  fair  market  value,  often 
entailing  a  larger  than  normal  discount.  The  university  gets  the 
equipment  at  a  good  price;  the  donor  receives  a  tax  deduction  for 
a  charitable  contribution,  but  also  must  recognize  gain  on  the 
transaction  to  the  extent  that  the  sales  price  exceeds  the  cost 
basis  apportioned  to  the  sale.  The  calculation  is  illustrated  in 
Table  9.  The  university  pays  $750  for  equipment  that  lists  at 
$1,500.  The  company  receives  a  $250  after-tax  profit  under  the 
bargain  sale  provisions  of  ERTA,  or  85  percent  more  than  the 
$135  it  would  have  received  without  ERTA.  It  should  be  noted 
also  that  the  charitable  deduction  under  ERTA  is  limited  to  twice 
the  cost  basis  of  the  equipment. 


Companies8  decisions  on  how  best  to  provide  research  equip- 
ment to  academe  on  a  charitable  basis  depend  on  both  tax  and 
nontax  considerations.  The  two  are  necessarily  intertwined,  but 
nontax  benefits  are  the  primary  impetus  for  giving. 

Makers  of  scientific  equipment  depend  very  much  on  academe 
as  a  market  for  their  products  and  as  a  source  of  the  technically 
trained  manpower  and  research  results  essential  to  their  busi- 
nesses. They  provide  equipment  on  a  charitable  basis,  therefore, 
to  sustain  the  quality  of  teaching  and  research,  to  familiarize 
prospective  users  and  employees  with  their  products,  to  obtain 
feedback  on  the  performance  of  their  equipment  and  on  needs  for 
new  products,  and  to  maintain  relations  with  faculty. 

Although  tax  benefits  are  not  the  primary  motivator,  they  do 
appear  to  affect  the  contribution  of  equipment  to  universities.  A 
company  may  prefer,  for  example,  to  sell  costly,  high-profit 
equipment  to  a  university  at  a  substantial  discount,  rather  than 
donating  it,  so  as  to  ease  the  economic  penalty  of  the  contribu- 
tion.6 This  approach  has  been  used  both  before  and  after  ERTA, 
but  ERTA  clearly  could  affect  the  decision  to  sell  or  donate.  Tax 
benefits  also  appear  to  affect  the  size  of  contributions,  once  the 
decision  to  contribute  has  been  made. 


Bargain  Sales 


Company  Considerations 
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TABLE  9  Calculation  of  Gain  and  Charitable  Deduction 
in  Bargain  Sale 


List  price  =  $1500 
Cost  basis  =  500 
Bargain  sale  price  =  750 

Basis  for  sale  =  cost  basis  +  (bargain  sale  price/list  price) 
3500  x  (3750/31500)  =  $250 

Basis  in  gift  =  cost  basis  -  basis  for  sale 
3500  -  $250  =  $250 

Companyfs  gain  =  bargain  sale  price  -  basis  for  sale 
$750-3250  =3500 

Charitable  deduction  =     Basis  in  gift  plus  half  of  the  gain 

foregone  by  selling  at  less  than 
list  price 
3250  +  ($750  -  3250)/2  =  3500 


ERTA 

Pre-ERTA 

Gain  on  sale 

$500 

$500 

Charitable  deduction 

-500 

-250 

Taxable  income 

0 

250 

Cash  received 

750 

750 

Tax 

0 

-  115 

Total  benefit 

750 

635 

Equipment  cost 

-500 

-500 

Net  benefit 

to  company 

$250 

$  135 

SOURCE:  Coopers  &  Lybrand. 
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Some  academic  opinion  holds  that  company  officials  who 
decide  whether  and  how  to  contribute  equipment  are  not  fully 
abreast  of  the  available  tax  benefits,  even  though  company  tax 
specialists  are  well  informed.  In  this  respect,  for  example,  it 
appears  that  the  bargain  sale  provisions  of  ERTA  have  been 
largely  ignored. 


Research  and  Development  Tax  Credit 

ERTA  created  a  25  percent  tax  credit  for  incremental  spend- 
ing by  industry  on  Research  and  experimentation,"  both  in-house 
and  under  contract.  The  contract  research,  however,  is  restricted 
to  work  related  to  the  taxpayer's  trade  or  business,  or  basic  re- 
search in  colleges  and  universities.  The  credit  is  available  for 
expenses  incurred  after  3une  30,  1981,  and  before  January  1, 
1986,  unless  new  legislation  is  passed  to  extend  the  credit  or  make 
it  permanent.*  Money  spent  on  scientific  equipment  under  re- 
search contracts  in  academe  qualifies  for  the  credit. 

As  with  the  ERTA  deduction  for  equipment  donations,  the 
research  must  be  conducted  in  the  United  States  and  is  restricted 
to  the  physical  and  biological  sciences.  Money  for  basic  research 
may  be  paid  either  to  the  contracting  universities  or  to  a  fund 
that  awards  grants  for  academic  research.  The  requirements  of 
the  law  preclude  tax  credits  forresearch  costs  incurred  by  ne  . 
ventures  before  they  actually  engage  in  business. 

The  25  percent  tax  credit  is  computed  on  qualified  research 
costs  in  excess  of  a  floating  average  of  research  costs  paid  or 
incurred  during  the  prior  three  years.  In-house  research  costs  are 
fully  qualified,  but  only  65  percent  of  contract  research  costs  is 
qualified.  The  three-year  floating  average  of  research  costs 
cannot  be  less  than  50  percent  of  current-year  research  costs. 
Thus  the  maximum  tax  credit  is  12.5  percent  of  qualified,  current- 
year  research  costs  and  8.1  percent  if  only  contract  research 
costs  are  incurred.  The  calculation  is  illustrated  in  Table  10. 


Company/University  Considerations 

The  R&D  tax  credit  reduces  a  company's  costs  for  contract 
research  at  a  university.  Further,  the  costs  qualified  for  in-house 


♦The  President's  Tax  Proposal  of  May  1985  would  extend  the 
credit  for  threes  years. 
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TABLE  10  Calculation  of  R&D  Tax  Credit 

Qualified  research  expenses,  1985 

In-house  $640,000 
Contract,  nonbasic 

($200,000  x  0.65)  $130,000 
Contract,  basic 

($200,000  x  0.65)  $130,000 

Total  $900,000 


Less  base-period  research  expenses 

1982  $  600,000 

1983  $  500,000 

1984  $  700,000 

Total  $1,800,000 

Average         $  600,000  (600,000) 


Excess  qualified  expenses  $300,000 
Rate  0.25 

1985  Tax  credit  $  75,000 


SOURCE:  Coopers  &  Lybrand. 


595 


ERIC 


research  include  only  wages  and  supplies,  while  the  full  costs  of 
contract  research  are  qualified.  On  the  other  hand,  the  tax  credit 
is  based  on  100  percent  of  qualified  costs  for  in-house  research 
and  only  65  percent  of  costs  for  contract  research.  Also,  contract 
work  at  universities  is  restricted  to  basic  research,  which  gener- 
ally is  a  long-term  effort,  whereas  corporate  interests  tend  to  be 
short  term.  The  university  and  the  company  are  both  potential 
beneficiaries  of  patents  arising  from  the  research. 

'Additional  considerations  are  involved  but,  on  balance,  the 
R&D  tax  credit  does  not  appear  to  provide  a  special  incentive  for 
companies  to  contract  for  research  at  universities,  as  opposed  to 
the  qualified  alternatives  available.  Exceptions  would  include 
companies  that  are  committed  to  supporting  basic  research  in 
academe,  but  might  support  more  of  it  in  light  of  the  R&D  tax 
credit. 


STATE  TAX  INCENTIVES 

Most  states  in  recent  years  have  adopted  tax  provisions 
designed  to  stimulate  research  at  colleges  and  universities.  The 
state  incentives  include  adoption  of  the  federal  deduction  for 
company  contributions  of  scientific  equipment  to  colleges  or 
universities,  enactment  of  provisions  comparable  to  the  federal 
deduction,  allowance  of  the  federal  deduction  and  an  additional 
state  deduction,  and  enactment  of  a  credit  against  tax  for  con- 
tributions of  scientific  property. 


Adoption  of  the  Federal  Deduction 

The  federal  deduction  for  contributions  of  scientific  property 
to  colleges  and  universities  has  been  adopted  by  34  states: 


Arizona 

Missouri 

Arkansas 

Montana 

Colorado 

Nebraska 

Connecticut 

New  Hampshire 

Delaware 

New  Jersey 

Florida 

New  Mexico 

Hawaii 

New  York 

Idaho 

North  Dakota 

Illinois 

Oklahoma 

Indiana 

Oregon 

Iowa 

Pennsylvania 

f  Kansas 

Rhode  Island 

t  ERJC  536 


591 


Kentucky  Tennessee 

Maine  Utah 

Maryland  Vermont 

Massachusetts  Virginia 

Michigan  West  Virginia 


Adoption  of  Deduction  Other  than  Federal 


California  has  adopted  a  provision  essentially  identical  to  the 
federal  deduction  for  donations  of  scientific  equipment  to  aca- 
deme. As  under  the  federal  law,  a  corporation  can  deduct  its 
basis  in  the  contributed  property  plus  half  of  the  unrealized 
appreciation  with  a  limit  of  twice  its  basis  in  the  property. 

Montana  allows  the  federal  deduction  or  a  deduction  equal  to 
the  fair  market  value  of  the  property  contributed,  but  not  greater 
than  30  percent  of  the  corporate  taxpayer's  net  income. 

In  New  Hampshire,  a  business  that  contributes  scientific 
property  may  deduct,  in  lit j  of  the  federal  deduction,  its  basis  in 
the  contributed  property  plus  50  percent  of  the  unrealized  appre- 
ciation, or  twice  the  basis  of  the  property,  whichever  is  less. 

Massachusetts  allows  the  federal  deduction  plus  25  percent  of 
that  deduction. 


Seven  states,  including  some  that  have  adopted  the  federal 
deduction  for  contributions  of  scientific  equipment,  in  addition 
provide  various  types  of  tax  credits.  Idaho,  Indiana,  and  North 
Dakota  allow  corporations  a  credit  against  tax  as  a  means  of 
stimulating  contributions  of  scientific  equipment  to  colleges  and 
universities  within  the  state.  Louisiana  allows  corporations  to 
elect  a  credit  in  lieu  of  a  charitable  deduction.  Iowa,  Wisconsin, 
and  Minnesota  allow  a  credit  for  increased  research  expenditures. 

In  determining  expenditures  that  qualify  for  research  credits, 
Iowa,  Minnesota,  and  Wisconsinjollow  the  federal  definition  of 
"qualified  research  expenses."  The  Iowa  credit  which  is  effective 
for  years  beginning  on  or  after  January  I,  1985,  is  6.5  percent  of 
qualifying  expenses  incurred  for  research  conducted  within  the 
state.  If  the  credit  exceeds  the  corporation's  tax  liability,  Iowa 
refunds  the  excess  with  interest  unless  the  corporation  elects  to 
apply  this  credit  to  its  liability  for  the  following  year.  The  Min- 
nesota credit  is  12.5  percent  of  the  first  $2  million  (and  6.5  per- 
cent of  additional  expenses)  of  the  excess  of  qualified  expenses 
over  base-period  expenses  incurred  for  research  conducted  within 
the  state.  The  Wisconsin  credit  is  5  percent  olfhe  corporation's 
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qualified  expenses  incurred  by  research  conducted  within  the 
state.  Wisconsin  aiso  provides  a  5  percent  credit  for  the  purchase 
of  research  equipment  or  construction  of  facilities  to  house  it* 

Idaho  allows  a  credit  of  50  percent  of  the  aggregate  amount  of 
charitable  contributions  to  institutions  of  higher  education  within 
the  state  during  the  year,  but  not  exceeding  10  percent  of  the 
corporation's  total  Idaho  tax  liability  or  $500,  whichever  is  less. 
Indiana  also  allows  a  credit  of  50  perc^nt  of  the  aggregate  amount 
of  contributions  during  the  year  to  institutions  of  higher  education 
within  the  state,  but  not  exceeding  the  corporation's  tax  liability 
minus  all  other  credits,  or  10  percent  of  the  corporation's  total 
adjusted  gross  income,  or  $1,000,  whichever  is  less. 

North  Dakota  allows  a  credit  of  50  percent  of  charitable  con- 
tributions to  nonprofit  private  institutions  o*  rvjher  education 
within  the  state  or  to  the  North  Dakota  independent  college  fund, 
but  not  exceeding  20  percent  of  the  corporation's  income  iax,  or 
$2,500;,  whichever  is  less. 

Louisiana  allows  corporations  to  elect  a  credit,  in  lieu  of  a 
deduction,  for  contributions  of  computer  equipment  to  educa- 
tional  institutions  within  the  state.  The  credit  is  40  percent  of 
the  equipment's  value  or  the  corporation's  total  tax  liability, 
whichever  is  less. 


R&D  LIMITED  PARTNERSHIPS 

Research  and  development  limited  partnerships  are  a  source  of 
risk  capital  that  may  permit  individual  investors  to  support  aca- 
demic research  programs  while  sheltering  some  of  their  own 
income/  Investors  can  take  current  deductions  for  qualifying 
research  expenditures;  subject  to  certain  conditions,  they  can  pay 
tax  at  capital  gains  rates  rather  than  ordinary  income  rates  on 
royalties  or  on  the  sale  of  patent  rights  or  patentable  property. 

An  R&D  limited  partnership  may  include  a^artner  (which 
could  be  a  university)  that  contributes  ideas  or  potential  products, 
while  other  partners  contribute  capital  to  finance  the  necessary 
research  and  development.  The  university  need  not  become  a 
partner,  but  could  license  or  assign  inventions  or  know-how  to  the 
partnership  for  lump-sum  cash  payments  or  royalties.  The  part- 
nership could  contract  with  the  university  to  perform  research 
whether  or  not  the  university  had  previously  provided  anything  to 
the  partnership. 

The  partners  would  share  the  income  from  the  sale  or  licensing 
of  .products  or  patents  developed.  Royalties  or  capital  gains  re- 
ceived by  the  university  would  not  be  unrelated  business  income, 
nor  would  fees  paid  to  the  university  for  research  performed. 
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It&D  limited  partnerships  in  which  the  university  is  a  partner 
potentially  have  several  disadvantages; 

•  Much  university  research  is  more  basic  than  is  required  for 
a  partnership  making  higtv-risk  investments  in  the  hope  of 
commercial  return. 

•  The  law  in, this  area  is  still  unsettled  in  many  respects, 
Jjitluding  issues  drpotential  liability. 

jfo    V*  limited  partnership  offering  h  a  securities  offering 

;V        goyerhed  by  federal  artd  state  law  and  regulations.  Legal  fees, 

brpfcerage  commissions,  and  general  partners1  fees  are  substantial. 
V  •  R&D,  credit^ 

i  hot  available  Jo  a"  partnership  unless  it  is  engaged  in  a  trade  or 

business,  'intends  to  iise  the  products  developed  in  that  trade  or 

;  business,  and  does  not  intend  totransfer  the  products  for  license 

or  royalty  payments.  To  be  considered  engaged  in  a  trade  or 

} %         business,  the;partnership  must  be  soliciting  customers  to  purchase 
a  product  or  service,  But  most  partnerships  do  not  solicit  cus- 

!  tomvirs  until  after  they  have  djeveloped  a  product  or  service. 

R&DUmited  partnerships  have  not  been  widely  embraced  by 
the  academic  community,  although  they  have  attracted  a  good 
>         deal  of  interest.  The  study  team  encountered  no  instances  of 
;,  universities'  having  procured  scientific  equipment  through  R&D 

limited  partnerships. 


LEASING 

For-profit  entities  that  lease  equipment  to  colleges  and 
universities  may  be  able  to  take  advantage  of  the  accelerated 
depreciation  (ACRS)  provisions  introduced  by  ERTA  to  shelter 
from  taxes  a  part  of  their  income  from  leasing.  (See  Chapter  4 
for  detailed  discussion  of  leasing.)  Investment  tax  credits  are  not 
available,  however,  to  for-profit  entities  that  lease  to  colleges 
and  universities,  which  is  a  strong  disincentive  for  such  arrange- 
ments. 1 

The  Tax  Reform  Act  of  198*  reduced  the  accelerated  depre- 
ciation benefits  previously  available  to  lessors  by  increasing  the 
number  of  years  for  depreciating  equipment  leased  to  colleges  and 
universities  and  by  providing  that  the  equipment  be  depreciated 
using  the  straight-line  method.  The  act  excludes  leasing  arrange- 
ments for  specific  types  of  equipment  from  the  new  constraints. 
Certain  high-technology  equipment— including  computers  and 
peripheral  equipment,  sophisticated  telephone  station  equipment 
installed  on  campus,  and  advanced  medical  equipment— can  be 
depreciated  by  the  lessor  using  normal  ACRS  rules  if  the  lease 
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period,  is4ive;years  or  <le.ss.  If  the  lease  period  is  more  than  five 
"  years,  depreciation  is  oh  a  straight-line  basis  over  five  years. 

,    DEVELOPING. A  DONATION  STRATEGY 

Donation  transactions  examined  during  this  study  (Appendix  J) 
suggest  a  number  of  actions  thatcould  help  colleges  and  univer- 
sities to  obtain  dopatipns  of  scientific. equipments  In  particular,  it 
appears  that  involvement  pi  academic  representatives  (e.g„  devel- 
opment bffice.people,  department  heads),  and  principal  investiga- 
tors) with  their  counterparts  introspective  donor  companies  is 
vitalv  to  build ipg( the  relationships  needed  tp  obtain  regular  cpn- 
tribufions,,  in  addition,' colleges  ajri,d  universities  that  wish  to. 
develop  donation  strategies  might  consider  the  following/,  , 
activities: 

•  T.arget  the  manufacturers  of  equipment  most  needed  by  the 
institution.  ,/ 

•  Prepare  a  description  of  the  university's  plans  for  using  the 
equipment  for  presentation  to  prpspective.  donors.  The 
description  .should  Include^information  such  as  the  research 
planned  and  the 'number  ancl  background  of  students,and  faculty 
who  yill  be  involved.  In  this  respect,  many  companies  expect  to 
receive  a  written  proposal  before  donating  equipment. 

•  Prepare  a  description  of  the  mutual  benefits  of  donating 
equipment.  These  benefits  include  the  long-range  value  of 
strengthening  the  research  and  academic  programs  of  the 
university.  More  immediate  benefits  for  prospective  donors  would 
include: 

Research  ^rograms^that  are  making  scientific  advances 
in  which  the  donor  is  interested. 

-Introduction  of  the  doi)orfs  products  to  potential  buyers. 

-Students  as  potential  employees.. 

-Federal  and  state  tax  incentives  that  reduce  the  total 
cost  of  donating  equipment. 

-Feedback  from  students  and  faculty  as  a  source  of 
product  improvement  and  development. 

-Willingness  of  academic  investigators,  to  permit  donors  to 
demonstrate  to  potential  customers  the  use  being  made  of  their 
equipment  and  the  scientific  advances  being  obtained  with  it. 


RECOMMENDATIONS 

The  effects  of  ERTA  have  been  studied  extensively  almost 
since  its  passage,  primarily  with  a  view  to  deciding  whether  the 
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R&D  tax  credit  should  be  extended  beyond  its  statutory  expiration 
date,  December  31,  1985,  and  in  what  form.5'8  Although  many 
believe  that  the  tax  credit  has  a  positive  effect,  these  studies 
have  not  produced  clear-cut  answers  for  several  reasons:  the  act 
has  been  in  effect  only  since  August  1981  %  its  effects  are  entan- 
gled with  other  ecoriomic.variables  in  a  complex  manner;  and  the 
uncertain  future  of  the  act  may  have  skewed  its  effects. 

The  examination  of  ERTA  also  has  produced  views  on  the 
value  of  the  equipment-donation  deduction,  which  is  permanent 
under  the  act.  The  Council  for  Financial  Aid  to  Education,  as 
noted  earlier,  believes  that  ERTA  has  contributed  significantly  to 
corporate  giving  of  scientific  equipment  to  academe.  Similarly, 
the  National  Science  Foundation  has  said  that  both  the  R&D  tax 
credit  and  the  deduction  for  donations  of  equipment  "apparently 
have  helped  to  stimulate  the  recent  surge  of  industry  support  for 
university  science  and  engineering."' 

The  consensus  appears  to  be  that  ERTA,  suitably  modified* 
should  indeed  spur  technology,  in  part  by  fostering  support  for 
academic  research  and  scientific  equipment.  We  agree  with  this 
view.  We  believe  also  Jiat  colleges  and  universities  could  seek 
more  aggressively  to  capitalize  on  available  tax  benefits,  federal 
and  state,  in  soliciting  donations  >.{  equipment. 

We  recommend... 

1  •  That  industry  take  greater  advantage  of  the  tax  benefits 
provided  by  the  Economic  Recovery  Tax  Act  (ERTA)  of  1981  for 
companies  that  donate  research  equipment  to  universities  and 
fund  academic  research.  Universities1  experience  with  industry 
indicates  that  company  officials  may  not  be  fully  aware  of  the 
benefits  available,  although  company  tax  specialists  generally  are 
well  informed. 

2.  That  universities  seek  donations  of  research  equipment 
more  aggressively  by  developing  strategies  that  rely  in  part  on  the 
tax  benefits  available  to  donors.  Sound  strategies  would  stress 
both  federal  and  state  tax  benefits  as  well  as  other  important 
benefits  to  both  donor  and  recipient. 

3.  That  Congress  modify  ERTA  so  that... 
.♦.equipment  qualified  for  the  charitable  donation  deduction 

include  computer  software,  equipment  maintenance  contracts  and 
spare  parts,  equipment  in  which  the  cost  of  parts  not  made  by  the 
donor  exceeds  50  percent  of  the  donor's  costs  in  the  equipment, 
and  used  equipment  that  is  less  than  three  years  old.  Computers 
are  properly  viewed  as  computing  systems,  which  are  incomplete 
without  software.  Maintenance  of  scientific  equipment  is  costly 
to  the  point  where  universities  have  declined  donations  of  equip- 
ment because  they  could  not  afford  to  maintain  it.  Makers  of 
sophisticated  equipment  rely  primarily  on  their  technological 
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knowledge,  not  their  ability  to  make  parts.  Thus  the  limit  on 
parts  from  outside  suppliers  is  unrealistic,  provided  that  the 
manufacturer  is  in  fact  in  the  business  of  developing  and  making 
scientific  equipment. 

♦♦♦the  pt  Jvhions  on  the  R&D  tax  credit  ai^  made  permanent, 
with  revision  to  create  an  additional  incentive  for  companies  to 
support  basic  research  in  universities.  Equipment  acquired  under 
research  contracts  qualifies  for  the  credit,  but  ERTA  currently 
provides  the  same, incentive  for  companies  to  contract  for  re- 
search in  academe  as  for  research  by  other  qualified  organizations. 

♦..the  social  and  behavioral  sciences  are  made  qualified  fields 
of  academic  research  in  terms  of  the  equipment  donation  deduc- 
tion and  the  R&D  tax  credit.  The  social  and  behavioral  sciences 
contribute  to  the  application  and  utilization  of  science  and  tech- 
nology, and  they  rely  increasingly  on  research  instrumentation. 

...qualified  recipients  of  equipment  donations  and  R&D  fund- 
ing, in  terms  of  ERTA  tax  credits,  include  research  foundations 
that  are  affiliated  with  universities  but  remain  separate  enti- 
ties. Some  state  universities  have  established  such  foundations  to 
receive  and  dispose  of  donated  equipment  because  they  cannot 
dispose  of  it  themselves  without  legislative  consent. 
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Appendixes 


APPENDIX  A:  R&D  EXPENDITURES  AT  UNIVERSITIES  AND 
1953-1983 

:  :  State/ 

Fed.        Local       Indus-      Inst.  All 
FY       ~-tal     Govt.       Govts.     try  Funds  Other 

Current  Dollars  in  Millions 


1953 

255 

138 

37 

19 

35 

26 

1954 

290 

160 

42 

22 

38 

28 

1955 

312 

169 

47 

25 

41 

30 

1956 

372 

213 

53 

29 

43 

34 

1957 

4 10 

229 

60 

34 

49 

38 

1958 

456 

254 

68 

39 

53 

42 

195*9 

526 

306 

76 

39 

58 

47 

1960 

646 

405 

85 

40 

64 

52 

1961 

763 

500 

95 

40 

70 

58 

1962 

904 

613 

106 

40 

79 

66 

1963 

1,081 

760 

118 

41 

89 

73 

1964 

1,275 

917 

132 

40 

103 

83 

1965 

1,474 

1,073 

143 

41 

124 

93 

1966 

1,715 

1,261 

156 

42 

148 

108 

1967 

1,921 

1,409 

164 

48 

181 

119 

1968 

2,149 

1,572 

172 

55 

218 

132 

1969 

2,225 

1,600 

197 

60 

223 

145 

1970 

2,335 

1,647 

219 

61 

243 

165 

1971 

2,500 

1,724 

255 

70 

274 

177 

1972 

2,630 

1,795 

269 

74 

305 

187 

1973 

2,884 

1,985 

295 

84 

318 

202 

1974 

3,023 

2,032 

307 

96 

370 

218 

1975 

3,409 

2,288 

332 

113 

417 

259 

1976 

3,729 

2,512 

364 

123 

446 

285 

1977 

4,067 

2,726 

374 

139  . 

514 

314 

1978 

4,625 

3,059 

414 

170 

623 

359 

1979 

5,361 

3,595 

470 

193 

730 

374 

1980 

6,060 

4,094 

494 

236 

829 

409 

1981 

6,818 

4,559 

540 

288 

983 

448 

1982 

7,261 

4tf49 

586 

326 

1,098 

503 

1983 

7,745- 

4,960 

599 

A1  6 

70 

1,231 

585 
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COLLEGES  BY  YEAR  AND  SOURCE  OF  FUNDS:  FISCAL  YEARS 


State/ 

Fed.        Local      Indus-      Inst.  All 
FY       Total     Govt.       Govts.     try  Funds  Other 


Constant  Dollars  in  Millions 


1953 

427 

231 

62 

32 

59 

44 

1954 

480 

•  265 

70 

36 

63 

46 

1955 

509 

276 

77 

41 

67 

49 

1956 

591 

338 

84 

46 

68 

54 

1957 

628 

351 

92 

52 

75 

58 

1958 

682 

380 

108 

58 

79 

63 

1959 

772 

449 

112 

57 

85 

69 

1960 

929 

582 

122 

57 

92 

75 

1961 

1,084 

711 

135 

57 

99 

82 

1962 

1,267 

859 

149 

56 

111 

92 

1963 

1,490 

1,047 

163 

57 

123 

101 

1964 

1,738 

1,250 

180 

56 

140 

113 

1965 

1;967 

1,431 

191 

55 

165 

124 

1966 

2,228 

1,639 

203 

55 

192 

140 

1967 

2,418 

1,774 

206 

228 

150 

1968 

2,611 

1,910 

209 

67 

265 

K0 

1969 

2,582 

1,857 

229 

70 

259 

lt>8 

1970 

2,565 

1,809 

237 

67 

267 

181 

1971 

2,615 

1,803 

267 

73 

287 

185 

1972 

2,630 

1,795 

269 

74 

305 

187 

1973 

2,761 

1,900 

282 

80 

304 

193 

1974 

2,698 

1,813 

274 

86 

330 

195 

1975 

2,767 

1,856 

269 

92 

338 

210 

1976 

2,828 

1,905 

276 

93 

338 

216 

1977 

2,889 

1,937 

266 

99 

365 

223 

1978 

3,077 

2,035 

275 

113 

414.. 

239 

1979 

3,280 

2,199 

288 

118 

447 

229 

1980 

3,412 

2,305 

278 

133 

467 

230 

1981 

3,490 

2,334 

276 

147 

503 

229 

1982 

3,469 

2,269 

280 

156 

525 

240 

1983 

3,559 

2,279 

275 

170 

566 

269 

SOURCE:  National  Science  Foundation,  Academic  Science/ 
Engineering:  R&D  Funds  Fiscal  Year  1982  (Washington, 
D.C.,  1984);  and  preliminary  data  for  1983. 
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COLLEGES  RY^riPN^^PM^MmwE^'cmi'rF^  F°R  RES£ARCH  EQUIPMENT  AT  UNIVERSITIES  AND 
COLLEGES  BY  SCIENCE/ENGINEERING  FIELD  AND  SOURCE  OF  FUNDS:  FISCAL  YEARS  1982  AND  1983 

(Dollars  in  Thousands) 


Field 


Total 


Federally  Financed 


Nonfederal 


1982 


1983 


1982 


1983 


Percent 
Change 
1982-1983 


1982 


1983 


Percent 
Change 
1982-1983 


Total 

Engineering 
Aeron.  &  Astron. 
Chemical 
Civil 

Electrical 
Mechanical 
Other,  NEC 

Physical  Sci. 
Astronomy 
Chemistry 
Physics 
Other,  NEC 

Environ.  Sci. 
Atmospheric 
Earti:  Sci. 


408,498     435,402     266,738  273,076 


65,861 
2,284 
6,442 
5,164 

18,454 
7,390 

26,127 

78,126 
5,127 
33,323 
33,189 
6,487 

28,321 
4,536 
10,536 


75,171 
2,837 
6,172 
6,086 
20,685 
10,008 
29,383 

79,153 
4,243 
32,826 
35,673 
6,411 

31,123 
5,025 
11,584 


43,220 
1,376 
3,821 
2,823 

14,058 
4,208 

16,934 

62,642 
3,941 
24,927 
28,527 
5,247 

18,423 
3,287 
6,314 


48,837 
2,100 
3,559 
3,422 

14,516 
6,563 

18,677 

62,137 
3,465 
23,632 
29,588 
5,452 

19,643 
3,617 
6,609 


2.4 

13.0 
52.6 
-6.9 
21.2 
3.3 
56.0 
10.3 

-.8 
-12.1 
-5.2 
3.7 
3.9 

6.6 
10.0 
4.7 


141,760      162,326  14.5 


22,641 
908 
2,621 
2,341 
4,396 
3,182 
9,193 

15,434 
1,186 
8,396 
4,662 
1,240 

9,898 
1,249 
4,222 


26,334 
737 
2,613 
2,664 
6,169 
3,445 

10,706 

17,016 
778 
9,194 
6,085 
959 

11,480 
1,408 
4,975 


16.3 
-18.8 

-.3 
13.8 
40.3 

8.3 
16.5 

9.9 
-34.4 

9.5 
30.5 
-22.7 

16.0 
12.7 
17.8 


Oceanography 

8,879 

10,928 

6,000 

6,837  , 

13.9 

2,879 

*,09I 

*2.1 

Other,  NEC 

*,37P 

3,586 

2,822 

2,580 

-8.6 

1,5*8 

1,006 

-35.0 

1j,22o 

1  O    1  7*7 

18,177 

9,832 

11,705 

19.1 

5,396 

6,*72 

19.9 

Mathematics 

2,5,56 

2,668 

1,617 

1,476 

-8.7 

939 

1,192 

26.9 

l*Omp.  oCl. 

1 2,672 

15,509  , 

8,215 

-  10,229 

24.5 

*,*57 

5,280 

18.5 

Life  Sciences 

199,57* 

206,587 

120,189 

117,342 

-2.4 

79,385 

89,2*5 

12.* 

Agric.  Sci. 

38,92L 

3.8,813 

11,706 

10,746 

-8.2 

27,215 

28,067 

3.1 

Biol.  Sci. 

75,889 

75,\55 

53,183 

51,041, 

-4.0 

22,706 

2*, 1 1** 

6.2 

Mediral  SrL 

7£  809 

51,5*6 

.0 

27,262 

3*,396 

26.2 

Other,  NEC 

C  £77 
o,o// 

*,U07*. 

/*  o 

6.8 

2,202 

2,668 

21.2 

Psvcholnp  v 

5  78k 

*,/53 

12.7 

1,565 

1,773 

13.3 

2o  Social  Sci. 

7,143 

8,938 

2,907 

2,912 

.2 

M36 

6,026 

*2.3 

1  Economics 
*2  Polit.Sci. 

1,70* 

1,91 1 

674 

728  ' 

i  (no 

lit  Q 

765 

767 

312 

319 

2.2 

*53. 

**8 

-1.1 

Sociology 

2,056 

1,462 

948 

939 

-.9 

1,108 

523 

-52.8 

Other,  NEC 

2,618 

4,798 

973 

926 

-4.8 

1,6*5 

3,872 

135.4 

^fOther  Sci.  NEC 

8,461 

9,727 

5,306 

5,747 

8.3 

3,155 

3,980 

26!  1 

GO 


NEC,  not  elsewhere  classified. 

SOURCE:  National  Science  Foundation,  Academic  Science/Engineering:  R&D  Funds  Fiscal  Year  1983  (In 
Preliminary  Table  B-60.   —  :  =  
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APPENDIX  C:  FEDERAL  INSTRUMENTATION  PROGRAMS 


Agerity,  Progrkm:,TitIe  Description  - 

^part)rient  of  Defense:  Five-year  program  to  upgrade 

DOD.lJniyersity  Research^  university^esearch  instS- 

Instrumentation  Program        .     mentation  sponsored  by  Army 
-  .  i  Research  Office,  Office  of 

Naval  Research,  and  Air 
Force  Office  of  Scientific 
♦  Research.,  - 

*  ,  "Program,  goals  f 

-  To  stimulate  and  support 
r  -                                      basic  research  that  fur- 

thers.the  technological 
.  goals  of  DO  D.  "      ~  >  ,  s 

-  /T9  support  the  training  of  ■ 

g^yate.^tudentson^the  Use> 
of  t?search  .equipment.  ^ 

-  Requests  are  not  considered  for 
instrumentation  with  a  total 
•  .      cost. to  DODbfJess  than: 

$50,000  cirmore  than  $500,000. 

Requests"  for  specialized  re- 
search configurations  of 
computers. that  are  devoted 
v  ^    primarily,  to  specific  DOD 
rfesearcfvprogi  ams  are  con- 
sidered, provided  that  the  total 
government  contribution  to  the 
purchase  cost  of.  the  computer 
equipment, does  not  exceed 
$300,000*?, 


638 


603 


University  Matching 

Matching  is  encouraged 
but  is  not  required 
and  is  not, included  in 
the  criteria  used  for 
evaluating  proposals. 

DOD  funds  awarded  cannot 
be  used  for  buildings  or 
facilities  modification, 
although  such  costs  when" 
borne  by  the  university 
or  other  funding  source 
may  contribute  to 
matching. 

Set-up  costs  may  be 
included,  but  costs,  for 
continued  operation  and 
maintenance  must  be  met 
by  normal  research  sup- 
port mechanisms. 


Annual  Volume  9f  Funding 

Fiscal  year  1583  was  Phase 
I  of  the  program.  Thirty 
million  dollars  was  allo- 
cated equally  among  the 
three  armed  services  for 
each  year  of  the  program. 

-  2,500  proposals  were 
received  totaling 
$645  million  in 
funding  requests. 

-  200  awards  were  made 
to  more  than  80 
universities. 

Fiscal  years  1984  and 
1985  comprise  Phase  II. 
Sixty  million  dollars 
will  be  equally  distri- 
buted over  the  two  years. 


O    -277  0  -  86  -  20 


6,09; 
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Agency*  Program  Title 


Description 


Department  of  Energy: 
University  Research 
Instrumentation 
Program 


Program  goal  is  to  stimulate 
and  support  basic  research 
in  those  universities  with 
existing  DOE  support. 

Funds  are  provided  for  acquisi- 
tion costs  of  instruments* 
Costs  of  renovation  and 
installation,  operation  and 
maintenance,  service  contracts, 
and  technical  support  are  not 
provided* 

The  usable  life  span  of  the 
equipment  must  be  estimated 
and  the  institution's  plans  for 
ensuring  its  continued  availabil- 
ity during  the  first  five  years 
must  be  demonstrated. 


National  Science 

Foundation: 

Astronomical 

Instrumentation  and 

Development 

Program 


Program  provides  support  for 
development  and  construction 
of  state-of-the-art  detectors 
and  data-handling  equipment, 
procurement  of  detection  and 
analysis  systems  for  telescopes 
at  institutions  that  presently 
lack  such  systems,  development 
of  interactive  picture- 
processing  systems,  very  long 
baseline  interferometric 
instrumentation,  and  applica- 
tion of  new  technology  and 
innovative  techniques  to 
astronomy. 


9 

ERLC 


610 


605 


University  Matching 


Annual  Volume  of  Funding 


No  specific  fraction  of 
matching  is  specified, 
but  the  level  of  match- 
ing wiii  be  a  factor 
in  the  evaluation  of 
applications. 

Matching  can  include 
shipping/installation 
and/or  the  renovation/ 
modification  of  the 
physical,  space  where  the 
instrument  will  be  located. 


Five-year  program  pro- 
jected to  last  through 
1989. 

Fiscal  year  198*  funding 
was  $4  million. 

Fiscal  year  1985  funding 
is  $6  million. 


Matching  is  not 
required. 


Fiscal  year  1981  funding  was 
$5.9  million. 

Fiscal  year  1982  funding  was 
$6  million. 

Fiscal  year  1983  funding  was 
$6.7  million. 

Fiscal  year  198*  funding  was 
$9.6  million. 

Fiscal  year  1985  funding  is 
$7.9  million. 


6U 
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Agency,  Program  Title 


Description 


National  Science 

Foundation: 

Biological 

Instrumentation  Program 


Program  provides  funds  for 
purchase  of  multiple-user 
instruments  in  physiologi- 
cal, cellular,  and  molecular 
biology. 

Program  supports  the  devel- 
opment of  new  instruments  that 
will  either  extend  current 
instrument  capability  in  terms 
of  senrtivity  of  resolution  or 
will  provide  hew  and  alter- 
native techniques  for  detection 
and  observation  of  physical  or 
biological  phenomena. 

Funds  will  not  be  provided 
for  space  renovation,  in- 
stallation, maintenance 
contracts,  technical  per- 
sonnel, and  operation  of 
commercial  instruments. 
However,  the  university  must 
describe  how  maintenance  and 
operation  costs  will  be  met. 

Personnel  and  shop  costs  may 
be  requested  for  instrument 
development  and  construction. 


National  Science  Program  provides  aid  to 

Foundation:  universities  and  colleges  in 

Chemical  acquiring  major  items  of 

Instrumentation  multiuser  instrumentation 

Program  essential  for  conducting 

fundamental  research  in 

chemistry. 


9 

ERJC 
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University  Matching 


Matchhg  is  required. 
The  exact  amount  (in  the 
range  of  25  to  50  percent) 
is  negotiated  with  the 
university. 

Renovation  of  space  and 
maintenance  are  accept- 
able as  part  of  the 
university's  matching 
only  if  accompanied 
by  part  of  the  purchase 
price. 


Annual  Volume  of  Funding 


Fiscal  year  1983  funding 
was  $5  million. 

Fiscal  year  1984  funding 
was  $6.2  million. 

Fiscal  year  1985  funding 
is  $7.4  million. 


Matching  is  required,  Fiscal  year  1980  funding 

but  the  amount  varies.  was  $4.2  million. 
In  fiscal  year  1984  the 

university  share  was  Fiscal  year  1981  funding 

33  1/3  percent.  was  $4.6  million. 

Fiscal  year  1982  funding  was 
$4.1  million. 

Fiscal  year  1983  funding  was 
$6.4  million. 


613 
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Agency,  Program  Title 


Description 


National  Science 

Foundation: 

Chemical 

Instrumentation 

Program 

(continued) 


National  Science 
Foundation: 
Computer  Research 
Equipment  Grants 


Program  does  not  normally 
provide  support  for  per- 
sonnel, indirect  costs, 
installation,  or  operating 
costs.  When  such  support  is 
necessary  during  the  instal- 
lation and  start-up  period  for 
complex  instrumentation, 
detailed  justification  must  be 
provided. 

The  university  must  provide 
information  on  the  annual 
budget  for  maintenance  and 
operation  of  the  proposed 
instrument,  other  research 
support  services  and  total 
operating  budget,  and  tech- 
nical support  staff  and  main- 
tenance expertise  provided  by 
the  department.  Proposals  are 
evaluated  on  the  basis  of  the 
ability  of  the  department  to 
ensure  that  the  instrument  will 
be  well  maintained  and  effi- 
ciently used. 

Program  provides  support  for 
purchase  of  special-purpose 
equipment  for  computer  re- 
search. The  equipment  must 
be  necessary  for  the  pursuit 
of  specific  research  projects 
rather  than  intended  to  provide 
general  computing  capacity.  It 
must  be  needed  by  more  than 
one  project  and  difficult  to 
justify  for  one  project  alone. 
The  total  cost  must  be  at  least 
$10,000. 


61 4 


9 

ERIC 
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University  Matching 


Annual  Volume  of  runding 


Fiscal  year  198*  funding 
totaled  $10.2  million. 

-  $1.3  million  went  to 
small  schools  with 
primarily  undergraduate 
programs. 

-  $80,000  was  for  a  new 
program  that  provides 
funds  to  universities  in 
states  that  have  not 
fared  well  in  funding. 

-  $2.2  million  was  for 
regional  instrumentation 
facilities. 

-  Remainder  of  lunding 
was  for  PIt.D.-granting 
institutions  for  equip- 
ment over  $50,000. 

Fiscal  year  1985  funding  is 
about  $10*2  million. 


Universities  must  provide 
a  minimum  of  25  percent  of 
the  cost  of  the  equipment 
and  first-year  main- 
tenance as  matching. 


Fiscal  year  1980  funding 
was  $2  million. 

Fiscal  year  1981  funding 
was  $1  million. 

Fiscal  year  1982  funding  was 
$1.2  million. 

Fiscal  year  1983  funding  was 
$1.2  million. 

Fiscal  year  198*  funding  was 
$1.4  million. 


,615 
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Agency,  Program  Title 


Description 


National  Science 
Foundation:,. 
Computer  Research 
Equipment  Grants 
(continued) 


Funds  for  maintenance  during 
the  first  year  may  also  be 
requested. 

The  university  must  provide 
a  detailed  plan  for  the 
maintenance  and  operation 

(NJ&O)  of  the  instrument 
including  the  annual  M&O 
budget  that  the  department 
will  allocate. 


National  Science 
Foundation: 
Earth  Sciences 
Research  Instrumenta- 
tion Program 


1  J 


Program  is  intended  to  meet 
the  need  for  specialized 
equipment  that  commonly  is 
too  expensive  a»  i  of  too 
broad  a  potential  use  to  be 
justified  by  a  regular  research 
proposal. 

Program  provides  funds  to 
purchase  major  research 
equipment,  renovate  and 
upgrade  existing  equipment, 
and  develop  new  instruments 
that  will  extend  current  * 
research  capabilities.  Sup- 
port may  be  requested  for 
regional  facilities  to  provide 
access  to  largeatems  of  equip- 
ment by  a  broad  segment  of  the 
research  community. 

Personnel  and  shop  costs  may 
be  requested  for  equipment 
development  and  construc- 
tion. The  costs  of  space 
renovation,  installation, 
maintenance,  technical  per- 
sonnel, and  operation  of 
commercial  equipment  ordin- 
arily are  not  supported. 
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University  Matching 


611 


Annual  Volume  of  Funding 


Fiscal  year  1985  funding 
is  about  $1.5  million. 


No  specific  fraction  of 
matching  is  specified, 
but  the  university 
contribution  is  a  deter- 
mining factor;  in  the  award. 

The  university  is  encour- 
aged to  assume  the  costs 
of  space  renovation, 
installation,  and  main- 
tenance as  matching 
in  addition  to  part  of 
acquisition  cost  of 
the  instrument. 


Prior  to  1983,  funding 
was  variable  with  most 
money  coming  from  small 
research  projects. 
Funding  fcr  fiscal  years 
1980  to  1982  was  about 
$750,000  per  year. 

Fiscal  year  1983  funding 
was  $2.5  million. 

Fiscal  year  1984  funding  the 
was  $5  million. 

Fiscal  year  1985  funding 
is  $5  million. 


617 


612 


Agency,  Program  Title 


Description 


National  Science 
Foundation: 
Earth  Sciences 
Research  Instrumenta- 
tion Program 
(continued) 


The  university  must  describe 
the  provisions  for  maintenance 
of  the  equipment  or  facility 
and  the  source  of  funds  to  meet 
the  costs  of  maintenance  and 
operation.  The  ability  of  the 
institution  to  operate  and 
maintain  the  equipment  is  a 
determining  factor  in  the  award. 


National  Science 
Foundation: 

Engineering-Automation 
Instrumentation  and 
Sensing  Systems 
Program 


New  program  that  supports 
research  in  instrumentation 
for  all  engineering  disciplines. 
The  scope  will  cover  everything 
from  fundamental  research  on 
instrumentation  questions  to 
research  leading  to  develop- 
ment of  instrumentation  and/or 
proof  of  concept. 


National  Science 
Foundation: 
Engineering  Research 
Equipment  Grants 


Program  provides  funds  to 
purchase  new  equipment  or  to 
upgrade  existing  equipment. 
The  equipment  should  be  neces- 
sary for  pursuit  of  specific 
research  projects  in  areas 
normally  supported  by  the 
engineering  directorate. 

Funds  are  not  provided  for 
space  renovation,  installation, 
maintenance  contracts,  and  the 
operation  of  commercial 
instruments.  However,  the 
university  must  provide  a 
detailed  statement  of  its 
intention  to  provide 


6i  b 


University  Matching 


613 


Annual  Volume  of  Funding 


Matching  is  required, 
but  is  negotiated  on  a 
case-by-case  basis.  The 
university  share  is 
expected  to  be  at  least 
33  1/3  percent  of  the 
total  cost  of  each  item 
of  equipment. 


Fiscal  year  1980  funding 
was  32.86  million. 

Fiscal  year  1981  funding 
was  $1.8  million. 

Fiscal  year  1982  funding 
was  $1.9  million. 

Fiscal  year  1983  funding 
was  $3.9  million. 

Fiscal  year  1984  funding 
was  $7.3  million. 

Fiscal  year  1985  funding 
is  about  $7  million. 


&ERJC 
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Agency,  Program  Title  Description 

National  Science  these  facilities,  if  required. 

Foundation:  The  ability  of  the  university 

Engineering  Research  to  provide  essential  supporting 

Equipment  Grants  facilities  and  maintenance  is 

(continued)  a  determining  factor  in  the 

award. 


National  Science 
Foundation: 
Materials  Research 
Instrumentation 
Program 


Program  provides  support  for 
purchase  of  major  instruments 
needed  for  materials  research 
and  for  development  of  new 
instruments  that  extend  current 
measurement  capability. 

Costs  of  space  renovation, 
installation,  maintenance  con- 
tracts, technical  personnel,  and 
operation  of  commercial  instru- 
ments ordinarily  are  not  sup- 
ported. Personnel  and  shop 
costs  may  be  requested  for 
instrument  development  and 
construction.  The  ability  of  the 
university  to  operate  and  main- 
tain the  instrument  and  the  ade- 
quacy of  .shop  and  electronics 
support  are  determining  factors 
in  the  award. 


National  Institutes  Program  began  in  1982  in  re- 
of  Health  Division  sponse  to  recognition  of  the 
of  Research  .Resources:  long-standing  need  in  the 
Rosearbh  Support  biomedical  research  commun- 
Shared  Instrumentation  ity  to  cope  with  rapid  tech- 
Grants  Program  nological  advances  in 

instrumentation  and  the 
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University  Matching 


Annual  Volume  of  Funding 


Matching  is  required, 
but  no  specific  frac- 
tion is  specified. 
The  level  of  funds  pro- 
vided by  the  university 
is  a  determining  factor 
inthe  award. 


Fiscal  year  1985  funding 
is  $6.5  million. 


Fiscal  year  198*  funding 
was  36  J  million. 


Fiscal  year  1983  funding 
was  $4  million. 


Assumption  by  the  uni- 


versity of  costs  of 
space  renovation , 
installation,  main- 
tenance contracts, 
and  technical  personnel 
is  encouraged. 


Matching  is  not  Fiscal  year  1982  funding 


required. 


was  $3.7  million. 


Fiscal  year  1983  iunding 
was  $14, million. 


Fiscal  year  1984  funding 
was  $19.7  million. 


ERIC 


616 


Agency,  Program  Title 


Description 


National  Institutes 

Health  Division 

of  Research  Resources: 

Research  Support 

Shared  Instrumentation 

Grants  Program 

(continued) 


rapid  rate  of  obsolescence  of 
of  existing  equipment. 


Program  is  a  subprogram  of 
the  Biomedical  Research 
Support  Grant,  and  supports 
instrumentation  used  by  three 


or  more  investigators. 

Program  provides  funds  to 
purchase  or  update  expensive 
shared-use  equipment'Which  is 
not  generally  available  through 
other  NIH  mechanisms*  Maxi- 
mum award  is  $300,000. 

Program  funds  the  acquisition 
of  equipment  only.  The  institu- 
tion must  meet  those  costs 
required  to  place  the  equipment 
in  operational  order  as  well  as 
maintenance^  support  person- 
nel, and  service  costs.  If  the 
funds  requested  do  not  cover 
the  total  cost  of  the  instru- 
ment, an  award  will  not  be 
made  unless  the  remainder  of 
the  funding  is  assured.  The 
institutions  ability  to  provide 
continued  maintenance  of  the 
equipment  is  a  determining 
factor  in  the  award. 


National  Institutes  of 
Health  Division. of 


Program  funds  regional  and 
national  shared  instrumen- 
tation centers.  Its  purpose 
is  to  develop  and  provide 


Research  Resources: 
Biomedical  Research 
Technolpgy/Program 


access  to  very  sophisticated 
instrumentation  and 


ERJC 
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University  Matching 


Annual  Volume  of  Funding 


Fiscal  year  1985  funding 
is  $31*8  million. 


Matching  is  not  required, 
although  some  institu- 
tional contribution 
is  encouraged. 


Fiscal  year  1980  funding 
was  $15  million.     * '  v 

Fiscal  year  1981  funoing 
was  $T6«8*  million. 


618 


Agen^,*f*rogram  Title 


Description,. 


National.  Institutes  of 
Health  Division  of 


Research  Resources: 
Biomedical  Research 
Teduiologv  Program 
(continued) 


technology  needed  to  solve 
basic  biomedical  and 
clinical  research  problems. 


These  resources  include  core 


research  programs  for  instru- 
ment and  methods  develop- 
ment, collaborative  research 
programs,  and  programs 
providing  service  for  users  in 
biomedical  research.  The 
program  provides  funds  for 
initial  instrument;  purchase  and 
installation.  The  grant  pays  the 
full  cost  of  the  core  research 
not  otherwise  supported  and 
supports  aspects  of  the  program 
required  to  provide  access  to 
outside  users,  such  as  per- 
sonnel, maintenance,  and 
supplies. 

Awards  exceed  $300,000,  the 
ceiling  for  the  BRS  Shared 
Instrumentation  Grants 
Program.  The  scope  of  the 
Biomedical  Research  Tech- 
nology Program  is  broader— its 
facilities  are  located  to  maxi- 
mize accessibility  to  a  par- 
ticular region  rather  than  one 
university  or  department. 


National  Institutes 
of  Health  Division 


Program  provides  funds  to 
institutions  having  an  MBRS 
award  for  acquisition  of  new 
equipment  or  upgrading  of 
existing  equipment. 


of  Research  Resources: 
Minority  Biomedical 


Research  Support 
Program 


619 


University  Matching .  Annual  Volume  of  Funding 


Fiscal  year  1982  funding  was 
$17.7  million.;  > 

Fiscal  year  1983  funding  .was 
$23.5  million. 

Fiscal  year  198*  funding  y/as 
$31.*  million. 

Fiscal  year  1985  funding  is 
estimated  to  be  $30.9  million. 


Matching  is  not  Fiscal  year  1983  funding 

required.  was  $1.3  million. 

Fiscal  year  198*  funding 
was  $1  million. 
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Agency*  Program  Title 

National  institutes 
of  Health  Division  of 
Research  Resources: 
•Minority  'Biomedical 
Research  Support 
Program  % 
(continued) 


Description 


There  is  no  limit  on  the 
cost  of  instrumentation 
requested?  however,  the 
maximum  award  is  $135,000. 
When  the  total  cost  of  the 
instrument  exceeds  $135,000, 
an  award  v;ill  not  be  made 
unless  the  remainder  of  the 
funding  is  assured. 

Support  for  construction, 
renovation,  maintenance,  or 
personnel  is  not  provided. 
However,  the  institution^ 
commitment  to  support  of 
operation  and  maintenance  of 
the  instrument  is  a  deter- 
mining factor  in  the  award. 


National  Institutes  of 
Health  National  Insti- 
tute of  General  Medical 
Sciences:  Shared  In- 
strumentation Program 


Program  was  begun  in  1978  to 
provide  funds  for  purchasing 
new  or  updating  existing 
major  analytical  research 
instruments  that  might  not  be 
justified  fully  for  a  single, 
project,  but  can  serve  several 
projects  on  a  shared  basis. 
Program  goals  are  to  provide 
NIGMS  grantees  with  better 
access  to  modern  instrumen- 
tation and  to  promote  the 
diffusion  of  no?/  techniques 
among  potential  users. 

The  program  provides  funds  for 
instruments  in  the  $30,000  to 
$100,000  price  range.  When 
funds  exceeding  that  amount 
are  requested,  the  application 
is  passed  automatically  to  the 
DRR  Shared  Instrumentation 
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University  Matching 


Annual  Volume  of  Funding 


Fiscal  year  1985  funding 
is  $1  million. 


The  university  is  expected 
to  demonstrate  its  commit- 
ment to  the  instrument  by 
contributing  at  least  half 
the  costs  for  maintenance 
and  technical  support  per- 
sonnel. In  addition,  the 
university  must  provide  for 
installation  and  any  needed 
renovation  of  existing 
facilities. 


Funding  for  fiscal  years 
1979  and  1980  was  $9 
million. 

No  awards  were  made  in 
fiscal  year  1981. 

Fiscal  year  1982  funding 
was  $1.3  million. 

Fiscal  year  1983  funding 
was  $600,000. 

Fiscal  year  198*  funding 
was  3200,000. 

Fiscal  year  1985  funding 
is  3270,000. 
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Agency,  Program  Title  Description 


National  Institutes  of 
Health  National  Insti- 
tute of  General  Medical 
Sciences:  Shared  In- 
strumentation Program 
(continued) 


Program* 

The  NIGMS  program  will  con- 
tribute to  both  instrument 
maintenance  and  support 
personnel*  The  amount  of 
funding  extended  for  the 

purpose  is  determined  by 
customary  review  groups* 


Si'  828 
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APPENDIX  Di  ANALYSIS  OF  LOAN  SUBSIDY  PROGRAMS 


The  potential  utility  of  a  loan  subsidy  program  for  scientific 
equipment  is  analyzed  here  in  terms  of  hypothetical  models  and 
cost  comparisons.  Our  assumptions  about  cost  components  are 
based  on  the  experience  of  the  Guaranteed  Student  Loan  (GSL) 
Program.*  The  category  of  special  allowance  in  the  GSL  program 
is  called  interest  subsidy  in  this  analysis.  (The  GSL  category 
named  interest  subsidy  is  the  interest  paid  while  the  student  is  in 
school  and,  hence,  is  not  relevant  to  this  analysis.) 

We.examined  three  alternatives:  loan  guarantee,  loan  guaran- 
tee with  interest  subsidy,  and  direct  loan  with  low  interest.  The 
analysis  uses  the  following  assumptions: 

•  Market  interest  rate  is  1*  percent. 

•  Tax-exempt  interest  rate  is  7  percent. 

•  Interest  subsidy  (the  amount  necessary  to  guarantee  the 
same  rate  as  tax-exempt  borrowing)  is  7  percent. 

•  Funding  to  be  made  available  to  the  universities  to  purchase 
R&D  equipment  is  to  be  increased  by  $100  million,  about  23 
percent  of  total  spending  on  academic  equipment  in  1983. 

•  Administrative,  insurance,  and  incidental  costs  of  the  loan 
programs  to  the  government  approximate  22  percent  of  total 
costs,  which  is  the  experience  of  the  Guaranteed  Student  Loan 
Program. 


*Touche  Ross  &  Co.,  Study  of  the  Costs  and  Flows  of  Capital  in 
the  Guaranteed  Student  Loan  Program,  Final  Report  to  the 
National  Commission  on  Student  Financial  Assistance 
(Washington,  D.C.,  March  1983).  —  ~ 
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LOAN  GUARANTEE 

Federal  assistance  in  the  form  of  a  loan  guarantee  would 
primarily  affect  the  credit  rating  of  some  universities,  thus 
increasing  their  access  to  capital  and  reducing  their  interest 
expenses.  This  reduction,  however,  is  likely  to  be  relatively 
small.  In  addition,  a  loan  guarantee  program  is  not  likely  to 
increase  total  resources  significantly. 


LOAN  GUARANTEE  WITH  INTEREST  SUBSIDY 

The  loan  guarantee  with  interest  subsidy  alternative  was 
designed  to  increase  the  total  capital  available  to  universities  for 
equipment,  rather  than  to  reduce  the  cost  of  debt  for  those 
already;participating  in  the  credit  markets  for  that  purpose.  If  an 
interest  subsidy  reduces  the  cost  of  funds  to  below  the  tax- 
exempt  rate  the  strongest  universities  can  obtain  in  financial 
markets*  they  might  substitute  federal  loans  for  theL*  own 
money.  Universities  that  are  less  solid  financially,  or  are  in 
states  that  do  not  authorize  the  use  of  tax-exempt  bonds  for 
equipment  purchases,  could  thus  be  crowded  out.  In  addition,  the 
total  resources  available  to  all  universities  might  increase  very 
little,  if  af  all.  The  interest  subsidy  in  this  alternative,  therefore, 
was  pegged  to  achieve  an  interest  rate  roughly  the  equivalent  of  * 
the  tax-exempt  rate. 

Amortization  of  a  $100  million,  five-year  loan  at  1*  and  7 
percent  interest  and  calculation  of  the  interest  /subsidy  are  shown 
in  Table  D-i.  T^e  subsidy  is  a  residual  of  interest  payments  cal- 
culated at  IH  percent  (assumed  market  rate)  and  7  percent 
(assumed  tax-exempt  rate)  and  discounted  at  7  percent.  The 
interest  subsidy  would  more  than  double  if  the  repayment  period 
were  increased  to  H  years. 

The  relative  proportions  of  the  costs  to  the  government  in  this 
alternative  are  shown  in  Table  D-2,  which  is  based  partly  on  the 
GSL  program.  As  the  table  shows,  the  interest  subsidy  constitutes 
77  percent  ol  the  total  cost.  Administrative  costs  for  the  GSL 
program  tend  to  be  relatively  small,  between  2  and  3  percent.  It 
is  possible,  however,  that  in  a  smaller  program,  such  as  a  loan 
guarantee  with  an  interest  subsidy,  the  administrative  costs  would 
be  somewhat  higher.  The  overall  increase  in  cost  to  the  govern- 
ment, nevertheless,  should  be  r  egligible.  Federal  reinsurance, 
which  accounts  for  16  to  18  percent  of  cost  in  the  GSL  program, 
might  be  lower  in  a  program  of  loan  guarantees  with  interest 
subsidy,  because  most  loans  would  be  made  to  institutional 
borrowers  rather  than  individuals.  A  reduction  of  3  percent  would 

fr  * 
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TABLE  D-i  Amortization  Table  for  $100  Million,  Five-Year  Loan 
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Year.  Principal 


Payment 


Interest 


Repayment  of 


Balance 


Annual  Rate  of  14  Percent 

1 

2 
3 
4 
? 

$100,000,000 
84,871,645 
67,625,320 
47,964,510 
25,551,186 

$29,128,355 
29,128,355 
29,128,355 
29,128,355 
29,128,355 

$14,000,000 
11,882,030 
9,467,545 
6,715,031 
3,577,166 

$15,128,355 
17,246,325 
19,660,810 
22,413,324 
25,551,166 

$84,871,645 
67,625,320 
47,964,510 
25,551,186 
(3) 

Annual  Rate  of  7  Percent 

1 
2 
3 
4 
5 

$100,000,000 
82,610,931 
64,004,627 
44,095,882 
22,793,525 

$24,389,069 
24,389,069 
24,389,069 
24,389,069 
24,389,069 

$  7,000,000 
5,782,765 
4,480,324 
3,086,712 
1,595,547 

$17,389,069 
18,606,30 
19,908,745 
21,302,357 
22,793,522 

$82,610,931 
64,004,627 
44,095,882 
22,793,525 
3 

Year 


Difference  in  Payment  Required 


Present  Discounted  Value 
(7  Percent  Discount  Rate) 


1 

$  4,739,286 

$  4,429,239 

2 

4,739,286 

4,139,476 

3 

4,739,286 

3,868,669 

4 

4,739,286 

3,615,579 

5 

4,73^286 

3,379,045 

Present  value  of  payment 

difference  stream 

(interest  subsidy) 

$19,432,008 

SOURCE:  Coopers  &  Lybrand. 
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TABLE  D-2  Cost  to  the  Government  of  a  $  100  Million,  Five- Year 
Loan  Program  with  Interest  Subsidy 


Cost  (dollars) 

Percentage 

Interest  subsidy 

19,432,008 

77 

Reinsurance 

4,290,184 

17 

Administrative 

504,727 

2 

All  other 

1,009,455 

4 

Total  gross 

25,236,374 

Total  offsets 

2,894,612 

Net  outlays 

22,341,762 

SOURCE:  Coopers  &.Lybrand. 


be  expected  to  save  the  government  $807,6*0  on  a  $100  million 
loan  program. 


DIRECT  LOAN  PROGRAM 

In  the  direct  loan  alternative,  the  government  is  assumed  to 
raise  $100  million,  which  it  then  lends  to  universities  at  an  inter- 
est rate  of  7  percent,  the  rate  available  in  the  tax-exempt  debt 
market.  Compared  with  the  loan  guarantee  with  interest  subsidy, 
this  alternative  entails  small  additional  transaction  costs,  to  raise 
the  $100  million,  and  administrative  costs,  to  manage  the  two 
streams  of  payables  and  receivables.  On  balance,  these  additional 
costs  are  expected  to  be  negligible.* 

The  key  finding  of  our  projections  for  the  direct  loan  alterna- 
tive is  that  the  present  discounted  velue  of  the  cost  to  the  govern- 
ment is  the  same,  $19,432,008,  as  for  the  loan  guarantee  with 
interest  subsidy  described  above,  if  the  government  borrows  at 
the  1*  percent  rate  assumed  for  the  previous  projections  (see 
Table  D-l).  The  reason  is  that  the  actual  amount  of  subsidy— the 
difference  between  annual  repayments  from  borrowers  at  a  7 
percent  rate,  and  the  combined  principal  and  interest  (at  1* 
percent)  falling  due  each  year— is  the  same  in  both  programs.  If 
the.government  is  able  to  borrow  the  $100  million  at  a  lower  rate 
of  interest  (as  it  might  well  be  able  to  do  in  the  Treasury  bill 
market),  then  the  direct  loan  program  is  the  cheaper  of  the  two. 

The  direct  loan  program  does  involve  certain  political 
considerations.  The  first  is  that  the  additional  government 
borrowing  would  represent  an  increase  in  the  national  debt.  The 
increase  is  essentially  cosmetic,  hovever,  as  the  amount  borrowed 
would  be  repaid,  except  for  the  inteu  %t  subsidy,  as  in  the  loan 


guarantee  with  interest  subsidy  program.  The  second  considera- 
tion relates  to  who  receives  the^subsidiestftom  the  government. 
In  a  direct  loan  program,  it  would  be  the  investors  in  the  Treasury 
,  bill  market  (or  other  lenders  to  thi  government).  In  a  loan 
guarantee  with  interest  subsidy  program,  the  beneficiaries  would 
be  the  banks  lending  low-interest  money  to  jthe  universities  by 
receiving  federal  payments,  making  total  amounts  received  equal 
to  receipts  from  loans  at  market  r^ates. 
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APPENDIX  E:  REPRESENTATIVE  STATE  REGULATIONS 


Purchasing  Controls 


California^ 


Financing  Controls 


Utilization  Controls 


jLI  All  contracts  for  purchase  of 
^  equipment.apptoved  by  Dept. 
of  General  Services. 

Competitive  procurement  for 
all  purchases  in  excess  of 
$100. 

Special  approvals  required 
for  data  processing  and 
telecommunications  equipment. 


Higher  education  financing 
authority  finances  facilities 
and  equipment  for  independent 
institutions. 

Public  institution  financing 
for  facilities  may  include 
all  equipment  in  original 
construction  or  renovations. 

Public  institution  financing 
may  incorporate  reserves  for 
additions  and  improvements; 
unclear  if  replacement  may 
be  included. 


No  formal  controls. 
General  r  ^uirements 
of  demon  str able  public 
purpose. 

Joint  public-private 
ventures  increasingly 
common. 


Act  applies  only  to  public 
institutions. 


9 
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Legislation  introduced  to  allow 
public  institutions  to  participate 
in  pooled  equipment  issues. 
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Purchasing  Controls 


Financing  Controls 


Utilization  Controls 


Calif  ornia*  (continued); 


Public  institution  boards 
have  delegated  authority 
to  'approve  contracts  up 
to'def  ined  limits* 


Legislation  introduced  for  high 
technology  financing  for  public 
and  independent  higher  education. 


Connecticut^ 


All  contracts  by  Dept. 
of  Admin.  Services,  unless 
DAS  authorizes  other  state 
agency,  to  acquire  directly . 


DAS  established/equipment 
standardization  rules  for 
all  agencies.  May  author- 
*  ize  noncompetitive  procure- 
ment in  emergencies. 

-Competitive  procurement  required 
^-f  or  purchases  above  $6,000; 


Health  &  education  facilities 
authority  finances  equipment 
and  facilities  for  public  and 
independent  institutions. 

Equipment  financing  only  as 
incident  to  facilities 
projects. 
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Public  and  independent 
institutions  may  jointly 
use  any  facilities  and 
equipment. 

Extensive  use  of  quasi- 
public  corporations  for 
ownership  of  property 
both  tangible  and  intel- 
lectual. 


Purchasing  Controls 

Connecticut  (continued) 

below  $6,000  preferred;  not 
required  below  $300. 

Special  rules  for  data  proces- 
sing and  Similar"  equipment 
set-by  DAS*  but  may  waive  for 
other  agencies. 


Georgia^ 

All  equipment  purchases 
through  Dept.  of  Admin.  Ser- 
vices* from  certified  sources, 
with  preference  for  items 
producedin-state. 

DAS  set  standard  specifi- 
cations for  alhequipment. 


Financing  Controls 


Utilization  Controls 


Public  and  independent 
institutions  have  separate 
higher  education  financing 
authorities. 


For  private  institutions, 
equipment  financed  only  as 
part  of  original  construction 
or  renovation. 
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No  explicit  limitations. 


All  property  of  public 
universities  vests  with 
Board  of  Regents  but  can 
be  alienated  only  with 
approval  of  Governor. 


Pitfdiasing.Controls  Financing  Controls^  Utilization  Controls 

Georgia  {continued) 

Competitive  procurement  except  For  public  institutions, 

if  cost  under  $500  or  contin-  equipment  may  be  separately 

uing  procurement.  financed. 

Technical  instruments  and 
supplies  exempted  from  most 
purchasing  controls,  as  is 
acquisition  from  U.S.  govt. 

DAS  administers  statewide 
telecommunications  and  EDP, 
but  universities  exempted 
)rom  mandatory  provisions. 


Illinois^ 

Purchasing  carried  out  by 
each  public  agency,  except 
for  specified  categories. 


Educational  facilities 
authority  finances  facil- 
ities and  equipment  of 
independent  institutions. 


Higher  Education  Cooper- 
ation Act  encourages 
interinstitutional  coop- 
eration; has  been  defined 
to  extend  to  cooperation 
between  institutions  and 
other  public  or  nonprofit 
entities. 


Illinois  (continued) 


!  "Competitive  procurement 
required  for  equipment  over 
$2,500;  preferred  for  all. 

Special- controls  for  leasing 
of  computer  and  telecommunica- 
tions equipment. 


Iowa& 

Board  of  Regents  conducts 
purchasing  for  public 
institutions. 


Financing  Controls 


Utilization  Controls 


EFA  may  issue  pooled  Statutory  limitations  on 

equipment  bonds.  nonpublic  use  of  equip- 

ment. 

Public  institutions  may 

issue  revenue  bonds;  other 

financing  through  general  ^ 

obligations  of  state. 

Statutory  limitation  on  term 
of  all  contracts,  including  leases; 
one-year  maximum  or  appropriations 
period,  with  some  exceptions. 

Capital  development  authority 
finances  public  facilities, 
including  appurtenant  equipment. 
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Financing  of  equipment  at  No  direct  controls, 

public  institutions  only  as 
part  of  facilities  construc- 
tion project. 


Purchasing  Controls,  Financing  Controls  Utilization  Controls 

Iowa  Continued)  ,  - 

  i  \fc 

Advertise  competitively  for  No  private  institution  financing 

^procurements  in.excess  agency, 
ctf  $25,000.  Limited  competi- 
tion for  other  procurement. 

Operating  funds  requisitioned 
oh  as-needed  basis  within 
appropriated. sums. 


Kentucky! 


Institutions  may  elect  to 
control  own  purchasing 
bounded  by  provisipns  of 
the  state's  Mpttel  Procure- 
ment Code. 


Smaller  institutions  may  choose 
to  use  services  of  central  stores, 
if  greater  savings  can  be  achieved 
by  having  state  order  large  quan- 
tities of  certain  items. 


Institutions  have  responsi- 
bility for  financing  of 
capital  projects. 
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No  state  controls- 
institutions  may  have 
authority  to  provide  best 
use  of  money  for  ser- 
vices rendered  and  goods 
purchased. 


Purchasing  Controls 
Maryland! 


Financing  Controls 


Utilization  Controls 


Centralized  control  for  all 
equipment  acquisitions  for 
public  institutions,  through 
Board  of  Public  Works. 


Preference  for  Maryland 
suppliers. 


Special  rule  for  acquisition 
of  computers  and  software, 
with  additional  approval  steps. 
(Butiegisiation  introduced  to 
exempt  all  computer  procurements 
for  academic  or  research  purposes.) 

Competitive  sealed  bids  fot;  items 
in  excess  of  $750;  agencies  can 
adopt  "small  procurement  procedures" 
for  lesser . amounts. 


Public  institutions  may 
capitalize  equipment  and 
finance  through  general 
obligation  bonds  if  useful 
life  in  excess  of  15  years. 

No  higher  education  facilities 
authority  for  private  institutions. 
Some  limited  use  of  industrial 
revenue  bond  authority  for  comparable 
purposes. 

Extensive  development  of  joint 
venture  financing. 


Strong  statutory  limita- 
tions on  public  univer- 
sity involvement  in 
for-profit  ventures. 
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Purchasing  Controls  Financing  Controls  Utilization  Controls 

O     '  ~  ?t — : — J  "  

Maryland  (continued)  O 

Strict  review  61  equipment  requi- 
sition by  BP W,  with  power  to 
recommend  substitution  of 
"equivalents." 


New'Yorkb 


Purchasing  by  individual 
public  system  (State  Univ. 
of  NY,  City  :Univ.  of  NY, 
statutory  colleges,  com- 
munity college  dists). 

Purchases  under  $100  exempt 
from  competitive  procurement; 
upto.$5,000  need  not  adver- 
tise for  bids;  beyond  $5,000 
full  competitive  procurement. 
State  Univ.  Const.  Fund  and 
CUNY  and  Dormitory  Auth. 
equivalents  may  exempt  con- 
tracts under  $20000. 


Public  financing  agencies 
(State  Univ.  Const.  Fund 
and  City  Univ.  Const.  Fund) 
may  finance  equipment  as  well 
as  facilities. 

State  Dormitory  Authority  may 
finance  facilities  for  lease 
to  private  institutions,  with 
appurtenant  equipment. 


Dependent  upon  public 
system. 


Purchasing  Controls 


Financing  Controls 


Utilization  Controls 


North*  Carolina* 


Secretary  of  Administration 
receives  requisitions  and 
makes  purchases  on  behalf  of 
state  agencies,  excfeptUniv. 
of  North  Carolina  and  com- 
munity colleges* 

Competitive  sealed.bids  for 
all  purchases  in  excess  of 
$5,000;  Advisory  Budget  Com- 
mittee sets  requirements  for 
lesser  amounts. 


Higher  education  facilities 

authority  proposed  but 

recently  defeated  in  referendum. 


Public  financing  includes 
equipment  appurtenant  to 
facilities  project. 


Extensive  joint  public- 
private  activity. 


E<  tensive  use  of  quasi- 
governmental  entities. 


Virginia] 


All  purchases  made  with 
state  funds  must  be  by  Dept. 
of  General  Services. 
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Higher  education  facilities 
authority  finances  equipment 
as  part  of  facilities  project, 
but  may  allow  acquisition  of 
equipment:  for  "a  period"  after 
construction  is  completed* 


Statutory  authority  for 
public  institutions  to 
contract  with  private 
institutions  for  ser- 
vices and  facilities. 


Purchasing  Controls 


Financing  Controls 


Utilization  Controls 


Virginia  (continued) 


DGS  standardizes  all  pur- 
chases and  must  grant  waivers 
for  exceptions. 


DGS  may  exempt  purchases 
below  specified  amount  from 
its  d.irect  control,  and  may 
exempt  classes  of  equipment. 

DGS  may  authorize  state  agen- 
cies to  purchase  directly; 
has  done  so  for  most  higher 
education. 


Industrial  Revenue  Bond  Act 
may  be  used  to  equip  educa- 
tional facilities  (private), 
separate  from  construction. 


Public  institution  financing 
of  equipment  as  part  of  con- 
struction project. 


Legislation  approved  for 
joint  public  institu- 
tion-private sector  high 
tech  R&D  activities; 
created  Center  for 
Innovative  Technology. 


All  contracts  competitive, 
with  preference  for  Virginia 
goods. 

Agencies  may  set  procedures  for 
noncompetitive  procurement  for 
items  less  than  $10,000,  or 
available  from  a  sole  source. 


SCal.  Pub.  Con.  Code  sections  10290-12121,  20650-20659;  Cal.  Educ.  Code  sections  81651-56,  81800-10, 
94100-94213;  Cal.  Gov't.  Code  sections  11005,  13332-13332.16. 

SConn.  Gen.  Stat.  Ann.  sections  3-1 16a,  3-1 16b,  4-23i,  4-23k,  4-34,  4-36,  4-69  to  4-124,  10a-22,  10a-89, 
10a-98  to  10a-98g,  10a-110  to  lOa-HOg,  10a-126  to  10a-136,  10a-150,  10a-176  to  10a-198. 
£Ga.  Code  sections  20-3-53  to  20-3-60,  20-3-150  to  20-3-214,  50-5-10  to  50-5-1 1,  50-5-50  to  50-5-81, 
50-5-160  to  50-i-169,  50-16-81,  50-16-160  to  50-16-162. 

^111.  Rev.  Stat.  ch.  172,  sections  213.1  et  seq.,  307  et  seq.,  751  et  seq.;  ch.  144,  sections  68  et  seq., 
181  et  seq.,  351  et  seq.,  1201  et  seq.,  1301  et  seq. 
|lowa  Code  Ann.  ch.  262,  ch.  262A,  ch.  263A. 
£Ky.  Rev.  Stat,  section  164.026;  ch.  45A. 

fiMd.  Ann.  Code  art.  XII,  sections  12-101  to  12-106;  art.  XVII,  sections  17-101  to  17-107. 

UN. Y.  Educ.  Law,  tit.  1,  art.  8-A,  sections  370,  376;  tit.  7,  art.  125,  sections  6201,  6213;  tit.  7,  art.  125-B, 

sections  6270,  6275. 

iN.C.  Gen.  Stat,  sections  116-53,  143-2  to  143-7,  143-49  to  143-56. 

iVa.  Code  sections  2.1-422  to  2.1-548,  11-35  to  11-80,  15.1-1373  to  15.1-1391,  23-9.10:3,  23-14  to  23-30.03, 
23-30.39  to  23-30.58. 

SOURCE:  Coopers  &  Lybrand. 
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APPENDIX,F:  REPRESENTATIVF,  STATE  STATUTES  AUTHORIZING 
THE  ISSUANCE  OF  BONDS  TO  FUND  HIGHER  EDUCATION 

FACILITIES' 


State/Statutes 

Equipment  Included 
If  Part  of  New 
Construction  or 
Major  Renovation 

After-Acquired 

Equipment* 
Includable  as 
Separate  Project 

ALABAMA 
Educational  Building 
Authorities  Act,  Ala. 
Cbde  Sec.  16-17-1  to 
J 6-17-19  (1983) 

Yes 

Yes 

-ARIZONA 

Industrial  Development 
Plans  for'Municipal- 
Aties  andj£ounties,  Ariz. 
*Rev.  Stdf/'Ann.  Sec. 
9-1 151  to  9-1 196  (1983)  Yes 

CALIFORNIA 

California  Educational 

Facilities  Authority  Act, 

Cal.  Educ.  Code  Sec. 

9*100-9*213  (1983)  Yes 


No 


Yes 


CONNECTICUT 

Connecticut  Health  and 

Educational  Facilities 

Authority,  Conn.  Gen. 

Stat.  Ann.  Sec.  10a-176 

to  10a-198  (1983)  Yes 

DISTRICT  OF  COLUMBIA 

Taxation  and  Fiscal 

Affairs,  D/.C.  Code  Ann. 

Sec.  47-321  to  47-33* 

(A  983)  Yes 


Pending 


Yes 


•«3 


State/Statutes 


Equipment  Included 
If  P*rt  of  New 
Construction  or 
Major  Renovation 


Af^er-  Acquired 
Equipment 
Includable  as 


Separate  Project 


FLORIDA 

Higher^Educ^tibn  Facil- 
ities Authority  Law, 
Fla.  Stat.  Ann.  Sec. 
243.1S- 243.40  (1983) 


Yes 


No 


GEORGIA 

Private  Colleges  and 
Universities  Authority 
Act,  Ga.  Code  Ann.  Sec. 
20-3-200  to  20-3-21* 
(198);  Georgia  Educa- 
tion Authority  (Univer- 
sity) Act,  Ga.  Code 
Ann.  Sec.  20-3-150 

to  20-3-181  (1983)  Yes  Vanes** 

ILLINOIS 

Educational  Facilities 
Authority  Act,  111.  Rev. 
Stat.  ch.  IW,  Sec.  1301- 
1326  (1981);  Board  of 
Regents  Revenue  Bond  Act 
of  1967,  111.  Rev.  Stat, 
ch.  M,  Sec>  351-363 
(1983);  Bonds  for  Perma- 
nent Improvements  at  State 
Educational  Institutions 
111.  Rev.  St*t.  ch.  127, 
Sec.  307-313(1983);  Capi- 
tal Development  Bond  Act 
of  1972,  111.  Rev.  Stat, 
ch.  127,  Sec.  751-765 
(1983);  State  Colleges  and 
Universities  Revenue  Bond 
Act  of  1967,  111.  Rev. 
Stat.  ch.  m,  Sec.  1201- 
1213(1983);  Illinois 
Building  Authority  Act,  111. 
Rev.  Stat.  ch.  127,  Sec. 

213.1-1  to  213.16K1-983)  Yes.  Varies** 


State/Statutes 


Equipment  Included 
If  Part  of  New 
Construction  or 

Major  Renovation 


After-Acquired 

Equipment 
Includable  as 
Separate  Project 


INDIANA 

Indiana  Educational 

Facilities  Authority 

Act,  Ind.  Code  Ann. 

Sec.-20-12-63-l  to 

20-12-63-29  (1983)  Yes 

IOWA 

State  Universities 
Buildings  Facilities 
and  Services  Revenue 
Bonds,  Iowa  Code  Ann. 
Sec.  262A.1-262AJ3; 
Medical  and  Hospital 
Buildings  at  Univer- 
sity ofclowa,  Iowa 
Code  Ann.  Sec. 

263A.l-263A.il  Yes 

KENTUCKY 
Property  and  Buildings 
Commission,  Ky.  Rev. 
Stat.  Sec.  56.W0- 

56.495  Yes 

MINNESOTA 
Minnesota  Higher 
Education  Facilities 
Authority,  Minn. 
Stat.  Ann.  Sec. 

I36A.25-I36A.55  (1983)  Yes 

NEW  JERSEY 
New  Jersey  Education- 
al Facilities  Author- 
ity Law,  N.J.  Rev* 
Stat.  Sec.  I8A:I72A-I 
to  I8A:72A-39  (1983)  Yes 


Yes 


No 


No 


Pending 


No 
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State/Statutes 


Equipment  Included 
If  Part  of  New 
Construction  or 

Major  Renovation 


After-Acquired 

Equipment 
Includable  as 
Separate  Project 


NEW  YORK 
City  University  Con- 
struction Fund  Act, 
N.Y.  Educ  Law  Sec. 
6270^6282;  State  Uni- 
versity Construction 
Fund  Act,  N.Y.  Educ, 
Law  Sec.  370-38*; 
Board  of  Higher  Educa- 
tion in  the  City  of  . 
New  York,  N.Y.  Educ. 
Law  Sec.  6201-6216; 
New  York  Dormitory 
Authority  Act,  N.Y. 
Pub.  Auth.  Law  Sec. 
1675-169* 

OHIO 

Higher  Educational 
Facility  Commission, 
Ohio  Rev.  Code  Ann. 
Sec.  3377.01-3377.16 

SOUTH  CAROLINA 
Educational  Facilities 
Authority  Act  for  Pri- 
vate Nonprofit  Insti- 
tutions of  Higher 
Learning,  S.C.  Code 
Ann.  Sec.  59-109-10 
to  59.-109-180 

TEXAS 

Higher  Education 
Authority  Act,  Tex. 
Educ.  Code  Ann. 
Sec.  53.01-53.46 


Yes 


Varies** 


Yes 


- 1 
No 


Yes 


No 


Yes 


No 


843 


Equipment  Included 


After-Acquired 


State/Statutes 


If  Part  of  New 
Construction  or 
Major  Renovation 


Equipment 
Includable  as 
Separate  Project 


VERMONT 


Educational  and  Health 
Buildings  Financing 


Agency,  Vt.  Stat.  Ann. 
tit.  16,  Sec.  3851-3862 


Yes 


No 


VIRGINIA 

Industrial  Development 
and  Revenue  Bond  Act, 
Va.  Code  Sec.  15.1-1 373 
to  15.1-1391  (1983);, 
Bonds  and  Other  Obliga- 
tions, Va.  Code  Sec. 
23-14  to  23-30.03 
(1983);  Educational 
Facilities  Authority 
Act,,Va.  Code  Sec. 
23-30.39  to  23-30.58 

(1983)  Yes  Yes 


WASHINGTON 
Washington  Higher 
Education  Facilities 
Authority,  Wash. 
Rev.  Code  Ann.  Sec. 
28B.07.010-28B.07.920 
(198*);  Wash.  Rev. 
Code  Ann.  Sec. 
28B.1 0.300- 

28B.10-335O984)  Yes  No 


*  Equipment  acquired  after  construction  of  the  facility. 

**  At  least  one,  but  not  all,  of  the  identified  statutes  in  these  state 
extends  to  after-acquired  equipment. 

SOURCE:  Coopers  &  Lybrand. 
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APPENDIX  G:  IOWA  STATE  UNIVERSITY 
RESEARCH  EQUIPMENT  ASSISTANCE  PROGRAM 


THE' BEGINNING  OF  REAP 

The  Research  Equipment  Assistance  Program  (REAP)  at  Iowa 
State  University  GSU)  was  developed  in  the  early  1970s  because  of 
a  suggestion  made  by  an  advisory  committee  studying  equipment 
problems  at  the  university.  This  committee  believed  that  an 
equipment  sharing  and  loan  program  would  make  it  easier  for 
faculty  members  contemplating  projects  involving  equipment  to 
perform  preliminary  experiments.  Implementation  began  with  the 
part-time  efforts  of -the  late  Alfred  J.  Bureau,  then  Assistant 
Professor  of  Physics,  and  Roger  G.  Ditzel,  then  Assistant  to  the 
Vice-President  for  Research.  As  a  result  pf  initial  studies,  a 
project  was  initiated  in  September  1972  to  gatner  information  on 
the  use  and  availability  of  major  research  equipment  at  *,«e  uni- 
versity. 

Oh  February  1,  1974,  the  National  Science  Foundation  Re- 
search Management  Improvement  Program  funded  a  research 
proposal  on  this  subject  submitted  by  Iowa  State  Un;  fersity.  The 
objective  of  this  research  was  to  develop  and  derr  .istrate  a  sys- 
tem far  improved  utilization  of  high-value  research  equipment 
that  would  increase  research  productivity.  The  functions  involved 
in  the  research  program  included  (1)  information  gathering,  (2) 
inquiry  processing  based  oh  requests  representing  equipment 
needs,  (3)  user  education,  (4)  computer  support,  and  (5)  main- 
tenance, replacement,  and  storage  requirement  studies. 

Through  this  study,  it  was  determined  that  any  equipment 
assistance  system  should  provide: 

•  a  means  of  identifying  and  locating  usable,  highly  diversi- 
fied research  equipment  to  allow  planned  research  to  be  con- 
ducted without  unnecessary  new  item  purchases; 

•  information  on  availability  for  use  by  others  of  equipment 
items  assigned  to  and  used  part  of  the  time  by  one  individual  or 
research  unit; 

•  a  means  of  identifying  unused  equipment  so  that  provision 
can  be  made  for  proper  storage  and  necessary  maintenance; 

•  a  capability  for  knowledgeable  decision  making  relative  to 
disposal  of  obsolete  or  high  maintenance  cost  items;  and 

•  a  means  of  retrieving  problem -solving  types  of  informa- 
tion, for  example,  potential  spare  parts  sources  on  the  campus. 

A  boundary  condition  on  any  such  system  exist?  and  must  be 
recognized  in  itj>  structuring  and  implementation.  That  boundary 
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is  one  pfxacceptan.ee  by  the  university  researcher.  No  matter  how 
sophisticated  or  well  planned  the  system,  it  cannot  succeed  with- 
out the  overt  cooperation  of  the  majority  of  researchers.  If  re- 
searchers perceive  it  as  "taking  their  equipment  away,"  they  will 
not  cooperate. 

RESULTS  OF  THE  RESEARCH  PROJECT 

As  a  result  of  the  research  project,  investigators  believed  it 
was  possible  and  economically  feasible  to  implement  an  equip- 
ment information  and  sharing  system  to  improve  the  productivity 
of  university  research  personnel.  With  proper  structuring  and  a 
low-key,  nonthreatening  introduction  of  a  system  designed  to  be 
responsive  to  needs,  it  was  thought  that  researchers  would  co- 
operate and  take  advantage  of  the  benefits  offered. 

When  the  grant  period  ended,  over  2,500  items  of  research 
equipment  had  been  examined  and  cataloged,  acceptance  by  ISU 
researchers  of  the  philosophy  and  mechanics  of  sharing  had  been 
achieved,  and  four  volumes  of  information  on  the  developed 
system,  plus  videotapes  and  slide  shows,  were  made  available  to 
other  universities. 

RESEARCH  COMPLETED;  REAP  CONTINUES 

Because  of  the  successful  findings  of  the  research  study,  the 
university  has  continued  to  support  the  PEAP  program  since  the 
grant  expired.  The  program  is  administered  by  the  Office  of  the 
Vice-President  for  Research.  By  1974,  a  central  office  was  estab- 
lished to  serve  as  a  communications  center  and  focal  point  for  the 
program  and  was  staff ed  by  a  full-time  clerk.  This  office  is  pur- 
posely located  . in  an  education  and  research  building  and  not  in  the 
central  administrative  building.  (It  was  felt  that  faculty  members 
might  be  more  comfortable  and  willing  to  use  the  service  if  it 
were  in  their  own  setting.) 

The.central  office  handles  all  inquiries  and  information  proces- 
sing. An  inquiry  is  defined  as  a  request  to  the  REAP  central 
office  for  assistance  in  relation  to  equipment.  The  inquiry  may 
relate  to  the  need  for  equipment,  spare  parts,  operating  manuals, 
help  in  definition  of  equipment  needs  to  carry  out  a  certain  task, 
etc.  Inquiries  may  be  satisfied  by  a  loan  of  equipment  from  the 
REAP  office  to  the  researcher's  department,  by  a  loan  from  one 
department  to  ano  ther,  by  researchers1  sharing  a  piece  of  equip- 
ment in  the  same  location,  by  finding  minor  parts,  by  providing 
information  or  manuals,  of  by  referring  the  inquirer  to  others  who 
have  the.same  equipment.  Since  the  inception  of  the  program, 
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the  rate  of  inquiries  has  greatly  increased*  The  tabulation  below 
sfrows'<  the  total  inquiries  for  the  12  years  1973-198*  and  includes 
the  number  of  those  inquiries  satisfied  or  not  satisfied.  It  has 
been  found  that  the  high  success  rate  in  satisfying  inquiries  has 
been  a  major  factor  in  the  positive  image  the  REAP  program 
enjoys. 


REAP  Inquiries 


Calendar  Year 

Total 
Number 

Number 
Satisfied 

Number 
Unsatisfied 

1973 

*2 

33 

9 

197* 

208 

168 

*0 

1975 

395 

335 

60 

1976 

953 

799 

15* 

1977 

2,236 

1,75* 

*82 

1978 

2,108 

1,672 

*36 

1979 

1,92* 

1,72* 

200 

1980 

2,201 

2,012 

189 

1981 

2,322 

2,175 

1*7 

1982 

2,173 

2,029 

1** 

1983 

2,021 

1,90* 

117 

198** 

1,**5 

1,*12 

33 

includes  nine  months  of  data  (January-September). 


REAP  CATALOG 

One  of  the  first  goals  of  REAP  was  to  generate  a  catalog  of 
existing  equipment,  with  an  estimate  of  the  availability  of  the 
equipment  for  loan  or  transfer.  The  June  1984  listing  contained 
nearly  10,000  items  (each  with  an  initial  acquisition  cost  of  $500 
or  more)  having  a  total  value  of  nearly  $30  million.  It  is  esti- 
mated that  about  90  percent  of  all  research  equipment  on  campus 
is  recorded  in  the  computerized  REAP  catalog. 


RESEARCH  TECHNICAL  ASSISTANCE  GROUP 

One  function  of  the  program  that  has  proven  to  be  excep- 
tionally successful  has  been  the  capability;of  providing  expert 
repair  and  calibration  of  most  items  of  equipment.  This  has  led  to 
the  recent  development  o|  a  separate  program  :known  as  the  Re- 
search Technical  Assistance  Group  (RTAG).  RTAG  complements 
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the  repair  service  of  other  university  shops  by  offering  minor 
repairs  of  balances,  microscopes,  nurtear  c  hunting  systems,  mass 
spectrometers,  gas  chromatpgraphs,  spectrophotometers,  and 
electron  microscopes.  A  major  service  is  the  diagnosing  of  equip- 
ment problems  with  subsequent  referral  to  other  university  repair 
shops. 


SUCCESS  OF  REAP 

Perhaps  the  ultimate  testimony  to  the  importance  of  REAP 
was  provided  in  1978  by  an  "important  notice"  addressed  to  the 
presidents  of  U.S.  universities  by  Richard  C.  Atkinson,  then 
Director  of  NSF.  In  it  he  called  attention  to  the  Iowa  State  REAP 
system  and  recommended  that  others  follow  suit. 

The  value  of  REAP  and  its  spin-off,  RTAG,  to  Iowa  State 
University  is  great.  The  number  of  inquiries  alone  proves  that  the 
program  is  popular  and  heavily  used.  In  terms  of  actual  dollars 
saved  due  to  satisfied  inquiries,  records  indicate  that  the  REAP 
prpgram  has  saved  the  university  nearly  $4  million  since  it  began 
in  1973.  In  estimating  equipment  value  as  a  benefit,  the  gross 
value  of  the  item  is  not  used.  Instead,  the  length  of  time  of  the 
loan  is  taken  into  account  and  a  "pro  rata"  value  used,  in  order  to 
arrive  at  a  realistic  equipment  benefit  value.  Any  equipment  on 
lpan  for  more  than  100  days  (which  includes  permanent  transfers 
as  well)  is  assumed  to  have  produced  savings  equivalent  to  the  full 
value  of  the  equipment. 

The  following  system  is  used  based  on  acorisition  cost  or  value 
of  the  item: 

•  three  percent  per  day  for  a  loan  span  of  one  to  three  days, 

•  ten  percent  per  week  for  a  time  span  of  four  days  to  three 
weeks, 

•  thirty  percent  per  month  for  a  time  span  of  three  weeks  to  3 
1/3  months,  and 

•  one  hundred  percent  for  loans  over  3  1/3  months. 

For  low-value  items,  a  minimum  transaction  value  of  $5  is  used. 
This  method  for  computing  savings  has  been  approved  by  the 
General  Accounting  Office  in  Washington,  D.C. 

In  addition  to  the  savings  mentioned  above,  many  !ollars  are 
saved  by  RTAG*s  ability  to  make  expensive  equipment  repairs 
(which  sometimes  results  in  the  elimination  of  expensive  service 
contracts). 
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QUESTIONS 

For  further  information  regarding  the  REAP  program  at  Iowa 
State  University,  please  contact  Wayne  Stensland,  Manager, 
REAP,  103  Physics,  Iowa  State  University,  Ames,  IA  5001 1 
(telephone:  515/294-5536). 

SOURCE:  Vice-President  for  Research,  Iowa  State  University 
(October  198*). 
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APPENDIX  H:  EXAMPLES  OF  DEBT  FINANCING 

EXAMPLE  h  REVENUE  BOND  ISSUE  BY  STATE  UNIVERSITY 

.Descriptipn 

Revenue  bonds  were  issued  by  a  state  university  to  finance: 

•  refunding  of  existing  notes, 

•  construction  of'  new  facilities  at  the  university 
hospital, 

•  debtvService.reserve.pf  the  new  issue,  equaling  the 
maximum  annual  debt;service,v 

\  construction  period  interest,  and 

•  expenses  .incurred  for  bond  issuance. 

The  bonds  represent  a  limited  ubligation  of  the  university 
regents  and  are  secured  by  the  gros  revenues  of  the  hospital.  The 
bonds  do  not  represent  a  debt  obligation  of  the  state. 

Decision  Factors 

there  are  three  main  reasons  why  the  university  issued 
long-term  debt. 

1.  The  university  hospital's  funding  requirement  was 
substantial.  The  revenue  bonds  allowed  the  institution  to  u 
minimize  its  borrowing. cost,  raise  the  necessary  capital,  and 
provide  a  debt  repayment  schedule  that  could  be  met  out  of 
h  ^spital  revenues. 

2.  The  project  was  long  term  and  included  the  construction  of 
new  buildings.  The  bonds  allow  the  institution  to  match  the  life 
of  the  asset  to  the  period  over  which  the  debt  will  be  repaid. 

3.  During  the  past  decade,  the  issuance  of  revenue  bonds  has 
become  the  primary  source  of  capital  for  construction  projects 
and  major  equipment  purchases. 
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Terms 


Amount  of  Issue: 
Period: 


Interest  Rate: 


Additional  Fees: 


Security  Required 
by  Lender: 


Terms  Required 
by  Borrower: 


$U0*000,000. 

The  total  issue  was  for  30  years.  How- 
ever, the  individual  bonds  have  matur- 
ities scheduled  annually  over  the  30 
years.  The  university  also  has  the 
option  to  buy  back  the  bonds  from  the 
investors  before  the  maturity  date  (i.e., 
early  redemption  of  bond). 

Varies  by  bond  dependent  upon  the  date 
of  maturity.  The'lnterest  rate  ranges 
from  6.5  percent  to  9.875  percent.  The 
interest  rate  on  the  bond  is  referred  to 
as  the  coupon  rate. 

The  issuance  cost  of  the  bonds  totaled 
$3.5  million,  which  included  financing 
and  related  costs  and  original  issue 
discount. 

A  portion  of  the  bond  proceeds  was 
set  aside  to  establish  a  debt  service 
reserve  fund. 

The  bond  represents  a  limited 
obligation  of  the  university  and  is 
secured  by  the  hospital's  revenue. 


Type  of  Project:         Ambulatory  care  facility. 


Features 

Obligation 

The  bonds  are  secured  by  the  financial  resources  of  the 
hospital.  The  hospital  is  required  to  maintain  certain  financial 
operating  ratios,  which  would  ensure  that  there  are  sufficient 
funds  to  meet  the  bond  debt  service.  The  rate  covenant  states, 

The  hospital's  annual  net  revenues  (gross  revenues  minus 
expenses)  are  at  least  125  percent  of  the  annual  debt 
service  payn^ei^s  (interest  plus  principal). 
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If  this  ratio  is  not  maintained,  the  university  regents  are  respon- 
sible for  taking  corrective  action.  The  bonds  will  be  serviced  by 
the  revenues  generated  by  the  institution  and  the  debt  service 
reserve  fund. 


Security 

The  bonds  are  secured  by  the  debt  service  reserve  fund,  .which 
is  established  at  the  time  the  bonds  are  sold.  The  reserve 
contains  sufficient  funds  to  cover  the  maximum  possible  annual 
debt  service. 


Preparation  of  Official  Statement 

The  revenue  bond  statement  presents  detailed  financial 
information  on  the  university  and  the  hospital  to  demonstrate  the 
source  of  revenues  to  potential  investors. 

Additionally,  a  detailed  financial  feasibility  study  was  pre- 
pared for  the  construction  project.  These  studies  are  used  both  to 
demonstrate  financial  soundness  to  investors  and,  when  necessary, 
^  provide  required  data  for  the  State  Certificate  of  Ne^d 
process,  through  which  state'health  planning  agencies  control  the 
expansion  of  health  care  facilities.  In  this  study,  the  investor  was 
shown: 

•  assessment  of  the  need  for  hospital  services  in  the  area, 

•  review  of  economic  factors  that  would  affect  the  success  of 
hospital  operations, 

•  review  of  forecasts  for  the  hospital's  utilization  rates  for 
services,  and 

•  review  of  the  financial  forecasts,  including  the  factors 
influencing  revenue  and  cost  estimates. 
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EXAMPLE  2:  REVENUE  BOND  POOL 
Description 

Revenue  notes  were  issued  by  a  state  educational  authority  to 
finance  equipment  purchases  and  rehabilitation  projects  for  15 
private  colleges  within  the  state.  The  notes  are  limited  obliga- 
tions of  the  authority,  payable  only  out  of  revenues  and  pledged 
funds  of  the  participating  private  institutions.  The  revenues 
consist  primarily  of  the  loan  repayments  made  by  the  colleges 
according  to  their  debt  repayment  schedule  as  stated  in  their 
individual  loan  agreements  with  the  authority.4!* 
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Decision  Factor 

,Fi|teen  institutions  participated  .in  the  program  • 
The'kxiividuai  institutions1  loans  ranged  from  $17,745,000  to 
$120,000  $or  a  period  of  two  to  seven  years*  One  institution,  a 
large  private  university,  had  the  largest  loan  amount  of  $17.7 
million  for  equipment  acquisition  and  construction  over  a  five-:  to 
seven-year  period.  Participation  in  the  pool  provided  both  large 
and  small  institutions  access  to  tax-exempt  debt.  Generally,  only 
large  institutions  would  be  able  to  issue  their  own  bonds  because 
of  their  established  credit  ratings. 


Terms 

Total  issue  was  approximately  $50 
million. 

The  issue,  has  maturities  scheduled  over 
two-  to  seven-year  periods  as  stated  on 
the  individual  bonds. 

Varies  by  bond  dependent  upon  the  date 
of  maturity.  The  interest  rate  ranges 
from  6.25  percent  to  &J5  percent. 
The  interest  rate  on  the  bond  is 
referred  to  as  the  coupon  rate. 

The  issuance  cost  of  the  bonds  totaled 
$2  million,  including  basic  issuance 
cost,  insurance.premium,  and  under- 
writers* discount. 

$5  million  of  the  bond  proceeds 
were  set  aside  to  establish  a  debt 
service  reserve. 

The  participating  institutions 
enter  into  an  individual  loan  agreement 
with  the  educational  foundation 
authority. 

Type  of  Equipment:     Computers  and  other  equipment  for 

research,  telecommunications,  and 
energy  conservation'  and  building 
'  renovations. 

ERIC  >v8 


Amount  of  Issue: 
Period: 

Interest  Rate: 

Additional  Fees: 

Security  Required 
by  Lender: 

Terms  Required 
by  Borrower: 
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Features 

>  Administration 

Each  college  or  university  enters  into  a  separate  loan  agree- 
ment with  the  authority.  These  loan  agreements  are  based  on  the 
useful  life  of  the  college's  .equipment  purchase  and  the  college's 
credit  worthiness.  The  college  is  required  to  make  semiannual 
debt  service  payments  to  the  authority,  reflecting  principal  and 
interest  payments,  insurance  premium  amortization,  issuance  cost 
amortization,  administrative  cost,  investment  earnings  shortfall, 
and  any  other  authority-required  payment. 

Credit  Requirements 

The  participating  colleges  entered  into  three  types  of  loan 
agieements:  (1)  an  unsecured  general  obligation  to  make  debt 
service  payments;  (2)  a  general  obligation  to  make  debt  service 
payments  secured  by  real  or  personal  property  of  the  college;  and 
(3)  a  general  obligation  to  make  debt  service  payments  secured  by 
real  or  personal  property  of  the  college,  as  well  as  a  bank  letter 
of  credit.. 

In  this  issue,  the  pool  includes  both  colleges  with  strong  credit 
ratings  and  those  without  any  proven  credit  experience.  The 
three  types  of  loan  agreements  provide  for  the  necessary  credit 
enhancements  to  obtain  a  favorable  credit  rating  for  the  issue 
without  penalizing,  „.e  financially  stronger  colleges  with  a  higher 
interest  rate  than  these  larger  institutions  would  normally  obtain 
on  an  individual  bond. 


Evaluation  Criteria 

The  authority  and  the  insurer  of  the  issue  reviewed  the  indi- 
vidual colJege's  financial  condition  tq  determine  eligibility  in  the 
program.  The  colleges  were  required  to  maintain  a  minimum 
two-to-one  available  assets  to  general  liabilities  ratio  for  the 
latest  fiscal  year,  as  well  as  to  generate, positive  unrestricted 
current  fund  earnings  after  expenditures  and  mandatory  trans- 
fers. Additionally,  nonfinanciai  indicators  were  reviewed,  such  as 
enrollment  data  and  trends. 

;         Special  Considerations 

*  The  insurer  has  committed  to  the  issue  an  insurance  policy 

^  that  will  insure  the  payment  of  principal  ^f  and  interest  on  the 
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bond.  In  the  event  there  are  not  sufficient  amounts  available  in 
the  debt  service  fund  and  the  debt  service  reserve  fund  to  make 
debt  service  payments,  the  authority's  trustee  notifies  the  insurer 
of  the  deficient  amount,  and  the  insurer  is  obligated  to  pay  the 
deficient  amount  according  to  the  terms  of  the  insurance  policy. 

EXAMPLE  3:  INDUSTRIAL  DEVELOPMENT  BOND 
Description 

The  industrial  development  bonds  were  issued  by  two  county 
development  authorities  to  provide  funds  to  the  research  foun- 
dation for  the  construction  of  and  equipment  for  a  scientific  and 
technical  research  facility  and  the  purchase  of  an  existing  re- 
search facility  from  a  private  corporation.  The  research  foun- 
dation, a  state  nonprofit  corporation,  has  entered  into  a  loan 
agreement  with  each  issuer,  in  which  the  issuers  loan  the  bond 
proceeds  to  the  fouhdatipn  for  the  research  facility  projects.  The 
loan  agreements  require  the  foundation  to  pay  the  principal, 
premium  (if  any),  and  interest  on  the  bonds,  together  with  all 
associated  costs  and  expenses.  The  foundation  will  lease  the 
facilities  to  an  affiliated  research  corporation  of  the  state 
university  and  to  a  private  corporation.  The  lease  to  the  private 
corporation  is  incidental  to  the  transaction  With  only  a  small 
portion  leased  back  to  the  corporation  selling  the  facility  as  a 
condition  of  the  sale.  These  lease  payments  will  be  the  revenue 
source  for  the  debt  repayment.  The  university  has  planned  to 
fund  its  lease  payments  (i.e.,  bond  retirement)  entirely  through 
indirect,  cost  recovery. 


Decision  Factor 

The  university  had  considered  raising  the  funds  through  a  state 
building  authority.  However,  *he  construction  costs  would  have 
been  $25  per  square  foot  higter  under  the  state  authority  than 
with  the  industrial  development  bonds.  Additionally,  the  state 
building  authority's  financing  process  L  oriented  to  academic 
rather  than  research  projects;  it  is  cumbersome  and  slow,  with 
numerous  regulations.  In  issuing  the  industrial  development 
bonds,  there  is  some  risk  if  the  federal  government  contests  the 
arms1  length  relationship  between  the  university  and  the  foun- 
dation. However,  in  the  instant  case,  the  armfs  length  relation- 
ship has  been  recognized  by  the  government. 
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Terms 


Amount  of  Two 
Issues: 

Period: 


Interest  Rate: 


Additional  Fees: 


Security  Required 
by  Lender: 


Terms  Required 
by  Borrower: 


Type  of  Project: 


Approximately  $17.2  million  and 
$7.3  million. 

The  larger  issue  has  maturities  scheduled 
over  1-  to  20-year  periods  as  stated  on  the 
individual  bonds.  The  smaller  issue  has 
maturities  varying  over  10  years. 

Varies  by  bond  dependent  upon  the  date 
of  maturity.  The  interest  rate  ranges 
from  5.5  percent  to  9.625  percent.  The 
interest  rate  on  the  bond  is  referred  to 
as  the  coupon  rate.  Additionally,  L25 
percent  of  the  amount  of  103  percent 
of  outstanding  bonds  is  payable  annually 
as  a  letter  of  credit  fee. 

The  issuance  cost  of  the  bonds  totaled 
3696,000,  including  financing,  legal, 
printing,  and  miscellaneous  expenses. 
Legal  fees  alone  were  $90,000.  The 
first  year's  letter  of  credit  fee  was 
$340,000. 

As  part  of  the  debt  service  require- 
ments, a  sinking  fund  will  be  started  in 
year  13  for  bonds  maturing  in  year  20. 
(Note:  A  sinking  fund  represents  an 
accumulation  of  funds  by  the  issuer 
over  a  period  of  time  to  be  used  for 
retirement  of  debt,  either  periodically 
or  at  one  time.)  The  letter  of  credit 
bank  required  security  interests  in  the 
assets  of  the  projects. 

Though  two  counties  issued  the 

ir  ustriai  development  bond,  the  bonds 

are  to  be  repaid  by  the  foundation. 

The  smaller  issue  was  Msed  by  the 
foundation  to  purchase  and  renovate  an 
existing  research  complex  consisting  of 
50+  acres  of  land  and  130,000  square 
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feet  of  office  and  laboratory  space. 
The  larger  issue  was  used  to  purchase 
land  and  to  design  and  construct  a 
six-story  190,000  square  foot  laboratory 
building  adjacent  to  the  campus. 


Features 

Obligation 

The  bond  investors  will  look  to  the  letter  of  credit  bank,  which 
will  look  to  the  fowndation  for  repayment.  The  bonds  are  a  limited 
obligation  of  the  issuing  authorities  and     not  represent  any 
indebtedness  of  the  state. 


Security 

The  primary  security  for  the  issue  is  the  letters  of  credit  and 
confirming  letters  of  credit.  In  the  event  the  foundation  defaults 
on  Jts  loan  agreement,  the  bond  trustee  will  draw  the  necessary 
funds  from  the  letter  of  credit  bank  to  buy  all  bonds  from  the 
bond  holders.  If  the  letter  of  credit  bank  dishonors  its  obligation, 
the  bond  trustee  will  draw  upon  the  confirming  letter  of  credit 
bcnk  to  make  payment.  This  arrangement  allowed  a  Standard  & 
Poor's  AAA  rating,  .though  the  foundation  was  essentially  without 
assets.  The  letter  of  credit  banks  are  secured  by  security  inter- 
ests in  the  research  facility's  land,  buildings,  and  equipment.  The 
foundation  has  assigned  the  facility's  rents  and  leases.  The  uni- 
versity^ affiliated  research  corporation  is  obligated  to  pay  on^ 
year's  debt  service  to  the  letter  of  credit  bank  in  the  event  of 
foundation  default  and  agrees  to  maintain  its  net  worth  at  least  at 
that  level. 


Administration 

The.  foundation  was  formed  for  the  purpose  of  supporting 
research  activities  of  public  and  nonprofit  colleges  and  univer- 
sities in  the  state.  It  is  considered  a  charitable,  educational,  and 
scientific  organisation  exempt  from  federal  income  taxes.  The 
foundation  has  no  plans  to  undertake  any  f undraising  and  expects 
to  rely  upon  rent  charges  from  the  research  institute  for  the  use 
of  the  facilities..  The  foundation  has  no  long-term  lease*  or  con- 
tractual commitments  from  the  research  institute  and  its 
affiliated  university. 
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EXAMPLE  4:  STATE  UNIVERSITY  LINE  OF  CREDIT 
Description 

The  university  established  a  standby  line  of  credit  with  a  state 
commercial  bar.1;  for  the  purpose  of  purchasing  self-liquidating 
equipment.  The  line  of  credit  js  drawn  upon  by  department  heads 
or  principal  investigators  on  an  as-needed,  project-by-project 
basis*  Their  requests  for  funds  are  presented  in  loan  agreements 
that  specify  the  use  of  funds,  the  period  of  need,  and  the  revenue 
sourcafor  repayment.  Once  these  requests  are  reviewed,  the 
funds  are  drawn  from  the  line  of  credit  within  funding  limits  set 
by  the  Board  of  Regents  and  the  lending  limit  agreed  to  by  the 
bank. 


Decision  Factor 

The  university  had  experienced  difficulty  in  finding  adequate 
funding  for  equipment  related  to  instructional  and  research 
activity.  Funds  from  general  operate  ig  budgets  had  been  largely 
used  for  ins* .  uctional  equipment  needs  and  had  not  adequately 
met  the  needs  of  the  research  programs.  The  university  has  found 
that  its  faculty's  ability  to  continue  a  high  level  of  externally 
sponsored  research  is  dependent  on  its  ability  to  obtain  svate-of- 
the-rart  equipment.  With  the  recent  changes  in  OMB  Circular 
A-21  which  allow  the  university  to  be  reimbursed  for  interest  on 
.  equipment;purchases  over  $10,000,  the  university  deckled  to 
obtain  a  line  of  credit,  which  could  be  used  to  acquit?  self- 
liquidating  equipment  over  $50,000.  Equipment  financed  through 
the  line  of  credit  in  connection  with  external  grant  or  contract 
arrangements  wculd  qualify  as  self-liquidating  because  both 
principal  and  interest  on  borrowed  funds  would  be  fully  recovered 
from  the  grant  or  contract  over  the  financing  term. 

Since  establishing  the  equipment  financing  plan,  the  university 
has  encountered  some  difficulty  in  receiving  specific  grant 
approval  from  at  least  one.agency  for  the  reimbursement  of 
financing  cost.  When  the  line  of  credit  plan  was  being  considered, 
a  description  of  the  plan  was  sent  to  and  discussed  with  jDepart- 
ment  of  Health  and  Human  Services,  National  Institutes  of 
Health,  National  Science  Foundation,  Office  of  Naval  Research, 
and  the  National  Aeronautics;  and  Space  Administration*  All 
agreed  that  the  plan  was  appropriate  and  conformed  to  A-21 
guidelines 

The  ):ne  of  credit  has  only  bee„.  used  to  acquire  equipment  for 
one  grant;  The  cost  of  the  equipment  will  be  covered  by  the  grant 
funds.  However,  the  interest  costs  are  being  paid  out  of  a  private 
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gift  fund  because  the  sponsoring  agency  denied  the  request  for 
reimbursement  of  interest  cost. 


Term* 


Amount  of  Issue: 
Period: 


Interest  Rate: 


Additional  Fees: 

Security  Required 
by  Lender: 

Terms  Required 
by  Borrower: 


Type  of  Project: 


The  ceiling  for  the  line  of  credit  was 
"  negotiated  at  $2  million. 

The  line- of  credit  was  negotiated  for  a 
five-year;  period  with  options  to  renew. 
Either  the  bank  or  university  can  ter- 
minate the  contract  at  any  time  except 
with  aspect  to  outstanding  loans. 

Stated  at  about  two-thirds  of  the  bank's 
prime  interest  rate. 

None. 

None. 


The  bank  will  make  loans  to  the 
university  on  a  project  basis  with 
actual  lending  occurring  only  if  the 
grant  is  awarded  or  if  user  fee  terms 
a,*e  agreed  upon  to  cover  debt  service. 

Various  scientific  instruments. 


Agreement 


Features 


ERLC 


The  un'versity's  Board  of  Regents  approved  the  line  of  credit 
agreement  after  a  competitive  bid  process  in  which  a  number  of 
bank  proposals  were  reviewed.  The  terms  of  the  agreement 
specified: 

•  the  ceiling  of  the  line  of  credit, 

•  a  commitment  for  lending  on  a  project  basis  rather  than  in  a 
lump  sum, 

•  interest  on  a  tax-exempt  basis, 

•  interest  rate  established  as  an  index  to  the  bank's  prime 
interest  rate,  with  the  rate  for  each  individual  loan  set  at  the 
time  a  draw  on  the  line  of  credit  is  negotiated,  and 
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•  that  the  agreement  can  be  terminated  at  any  time  by  either 
party  except  with  respect  to  outstanding  loans. 

University  Procedures 

The  principal  investigator  or  department  head  seeking  external 
funds  for  research  equipment  over  a  prescribed  amount  prepa.es  a 
request  for  funds  to  the  vice-ptasident  for  educational  develop- 
ment and  research.  This  request  presents  a  justification  for  the 
need  and  the  funditig  requirements.  The  request  has  to  describe 
the  method  lor 'repayment  as  follows: 

1.  Existing  grants  that  have  a  multiple  year  funding  period 
could  be  rebudgeted.  This  could  represent  one  or  more  principal 
investigators., 

2.  Equipment  financing  could  be  proposed  in  a  grant 
application* 

3.  User  charges  and  fees  could  be  from  external  and/or 
internal  users. 

The  request  will  be  reviewed*  and,  the  cost  analysis  performed 
to  determine  the  financial  resources  required  to.liquidate  the 
debt.  Approyied  requests  are  forwarded  to  the  university  business 
officer  who  maintains  the, banking  relationships  with  the  line  of 
credit  bank.  The  business  officer  will  contact  the  bank  to  deter- 
mine the  tet  ms  of  the  new  loan.  If  the  terms,  interest  rate, 
index,  and  maturity  are  favorable,  the  business  officer  will 
request  the  bank  to  Commit  the  funds  to  the  new  loan. 

Once  the  ioaitis  executed  and  funds  transferred  to  the  uni- 
versity, a  loan  account  is  established  in  the  university  plant  fund. 
The  equipment  is  purchased  from  this  account  *  To  provide  an 
audit  trail  for  liquidation  of  the  debt,  plant  fund  expenditures  will 
be  reimbursed  through  charges  to  the, grant  account  in  the  current 
restricted  fund  or  through  transfers  of  depreciation  amounts  from 
the.service  account.  The  Board  of  Regents  is  to  receive  a  monthly 
status  report  on  the  loans;  made  from  the  line  of  credit.  Addition- 
ally, the  Board  of  Regents  is  to  be  notified  when  the  line  of  .credit 
ceiling  has  been  reached. 


EXAMPLE  5:  ACQUIRING  folOMEDICAL  EQUIPMENT 

u  ■  *  «:  vr     Description        •  . 

The  university  obtained  a  demand  note  for  a  variety  of  funding 
requirements*  including  both  instructional usesjaad  research 
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Terms  Required  None, 
by  Borrower: 

Type  of  Project:         Su.;e-of-the-art  equipment  for  the 

radiology  department  costing  $1.* 
million. 


:  .  Features 

The  radiology, department  had  an  immediate  need  for  the 
equipment  but  had  insufficient  funds  to  purchase  the  item. 
Access  to  the  demand  note  puxreeds  enabled  the  department  to 
acquire  the  equipment  and*pay  jfor  it  later. 

The  demand  note  is.servingas  an  intermediate  financing 
instrument.  The  radiology  department  pays  only  the  interest  on 
the  loan,  and  the  hospital  will  repay  the  loan  principal  in  two 
years  from  its  capital  outlay  budget.  In  two  years,  the  hospital 
will  be  able  tc  Justify  the  use  of  the  equipment  in  patient  care. 
Until  that  time,  the  department  will  cover  the  line  of  credit 
interest  cost  through  user  charges. 

At  the  time  the  equipment  is  transferred  from  experiment"  1  to 
clinical  use,  it  may  be  necessary  to  apply  to  the  state  health 
planning  agency  for  a  Certificate  of  Need  under  health  planning 
statutes.  The  procedures  vary  from  state  to  state  and  also  over 
time,  so  that  the  precise  requirements  will  not  be  known  until  the 
time  for  transfer. 


EXAMPLE  6:  MUNICIPAL  LEASE 
Description 

Telecommunications  equipment  was  acquired  for  a  state  uni- 
versity through  its  affiliated  foundation.  In  this  municipal  lease, 
the  university  was  the  lessee  and  a  bank  was  the  lessor.  The  title 
to  the  equipment  passed  to  the  university  at  the  end  of  the  lease 
term.  * 


Decision  Factor 

TL. ;  municipal  lease  was  used  by  the  university  to  finance 
equipment  acquisition  because  the  state  re?,    :ted  the  university 
from  entering  into  multiyear  indebtedness.  The  university  was 
able  to  acquire  the  equipment  with  the  municipal  lease  because 
;        the  lease  is  renewedfeach  fiscal  ye&r.  The^cost'of  the  lease  can 
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needs.  The  specific  demand  note  was  obtained  after  a  competi- 
tive bid  process  in  which  proposals  from  a  number  of  lending 
institutions  were  reviewed. 

The  demand  note  was  used  to  finance  the  acquisition  of  a 
specialized  piece  of  equipment  for  the  radiology  department  of 
the  medical  school.  The  department  needed  to  acquire  the  equip- 
ment immediately  for  research,  but  the  hospital  would  not  be  able 
to  use  it  for  patient  care,, as  third-party  payers,  specifically  Blue 
Gross,  con.  sderefl  its  use  Experimental. 


Decision  Factor 

The  university  decided  to  obtain  a  demand  note  to  acquire 
equipment  that  the  university  had  normally  leased.  The  note  pro- 
vided a  cheaper  form  of  financing  than  leasing.  However,  the 
university  still  leases  small  pieces  of  equipment  such  as  copiers. 
When  the  university  was  first  TOhsidering  the  demand  note,  there 
were  several  projects,  academic  as  well  as  research,  that  needed 
temporary  or  short-term  funding.  The  university  had  a  general 
set  of  guidelines  for  selecting  the  projects  to  fund  with  the 
demand  note  proceeds.  All  funds  had  to  be  used  within  six  months 
because  of  arbitrage  restrictions. 

Since  the  time  the  demand  note  was  obtained,  several  projects 
have  repaid  their  debt  or  replaced  the  debt  with  long-term 
financing.  Other  projects  have  been  substituted  as  funds  are 
replaced. 


Amount  of  Issue: 
Period: 

Interest  Rate: 

Additional  Fees: 


Security  Required 
by  Lender: 


Terms 
$15  million. 

Five-year  period  with  cancellation 
clauses. 

Stated  et  about  one-half  of  prime 
interest  rate. 

The  university  obtained  a  backup  line  of 
credit  that  cost  an  additional  1/2 
percent. 

The  lender  was  a  mutual  fund.  The 
university  pledged  its  unrestricted 
endowment  funds  as  collateral. 
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also  bypassed  on  to  federal  grants  and  contracts  for  which  the 
equipment  is  used. 


Ampunt  of  Issue: 
Period: 


Interest  Rate: 
Additional  Fees: 


Security  Required 
by  Lender: 

Terms  Required 
by  Borrower: 


Type  of  Projects 


Terms 
$50J,0.00. 

Municipal  lease  is  written  on  a  yearly 
basis  with  annual  renewal  options.  The 
effective  length  of  the  lease,  including 
renewal  options,  is  six  years.  At  the 
end  of  this  time,  the  university  will 
receive  title  to  the  equipment. 

Less  than  10  percent. 

Administrative  fee  to  the  |pundation 
calculated  as  a  percent  of  the  principal 
amount  of  the  lease. 

Security  interest  in  the  purchased 
equipment. 

The  university  had  the  option  to 
cancel,  the  lease  on  a  year-to-year  basis 
in  the  event  that  funds  were  not 
appropriated  for  the  lease. 

Telecommunications  equipment. 


Features 

The  foundation  handles  the  administrative  and  control  pro- 
cedures for  arranging  the  nrr  -icipal  lease.  In  this  case,  the 
university  Atmospheric  Scie^e  Department  had  need  for 
telecommunications  equipment.  This  need  was  documented  and 
reviewed. 

The  municipal  lease  was  open  for  bid,  and  the  proposal  with 
the  most. favorable  terms  was  accepted.  Because  of  state  require- 
ments, the  finalization  of  the  municipal  lease  agreement  requires 
a  lengthy  approval  process.  A  municipal  lease  transaction  may 
require  a  tax-exempt  opinion  from  legal  counsel  if  the  lessor 
requests  one. 

In  the  department'slease  request,  the  equipment  acquisition 
has  to  be  justified.  The  department  also  has  to  explain  the  source 
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and  frequency  of  revenue  to  repay  the  debt  and  has  to  incur  the 
cost  of  equipment  insurance. 

The  department  is  responsible  for  funding  the  debt.  It  should 
be  noted  that  the  university  in  this  case  cannot  borrow  except  for 
self-sustaining  enterprises. 


EXAMPLE  7:  ADJUSTABLE  RATE  OPTION  BOND 
Description 

The  revenue  bonds  were  issued  by  a  state  educational  author- 
ity to  fund  a  facilities  project  at  a  private  university,  including; 

•  construction  of  the  university  computing  center, 

•  purchase  of  existing  lend  and  buildings  for  use  as  research, 
education,  and  student  activities  facilities, 

•  renovation  and  construction  of  laboratory  facilities  for  the 
biology  and  chemistry  departments, 

•  acquisition  of  equipment  for  the  computing  center, 

•  acquisition  of  apartment  buildings  for  student  housing,  and 

•  construction  and  renovation  of  civil  and  chemical 
engineering  laboratories. 

The  university  will  initially  lease  to  the  authority  the  various 
existing  facilities  referred  to  under  project  facilities.  In  turn,  the 
university  will  sublease  the  facilities  bdek  from  t.ie  authority  and 
use  the  bond  proceeds  to  complete  renovation  and  construction  of 
these  facilities.  The  bonds  will  be  payable  solely  from  the  univer- 
sity's sublease  payments  to  the  authority.  The  bonds  are  limited 
obligations  of  the  authority.  The  bonds  are  not  a  liability  of  the 
state  or  any  political  subdivision  of  the  state. 


Decision  Factors 

The  major  reason  that  the  university  issued  an  adjustable  rate 
bond  (ARB)  was  the  low  Merest  rates  in  the  short-term  market 
versus  the  long-term  fixeo  rate  debt  market.  In  the  first  year,  the 
ARB  had  6  1/4  percent  interest.  If  the  university  had  issued  a 
long-term  fixed  rate  debt  instrument,  the  interest  rate  would 
have  been  10  percent.  The  savings  in  first-year  interest  were 
significant.  Though  the  bond's  interest  rate  will  be  adjusted 
annually,  the  university  has  the  option  to  convert  to  a  fixed  rate 
if  long-term  interest  rates  become  favorable.  Many  institutions 
are  using  ARBs  because  of  the  favorable  market  conditions, 
including  krv  short-term  interest  rate  as  compared  to  long-term 
rates  and  quick  placement  of  bonds  with  investors 
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Terms 


Amount  of  issue:  $35,000,000, 

Period:  The  total  issue  was  for  20  years. 

However,  the  bond  holders  have  the 
right  to  tender  (i.e.,  to  have  their  bonds 
repurchased  by  the  university)  at  a 
price  equal  to  100  percent  of  the  prin- 
cipal amount  on  the  annual  anniversary 
of  the  issue  date.  The  university  has 
the  option  to  redeem  the  bonds  (i.e.,  to 
buy  back  the  bonds  from  the  bond 
holders)  after  one  year  from  the  date  of 
issue.  There  are  also  optional  redemp- 
tion provisions  that  the  university  may 
exercise*  Additionally,  if  the  bonds  are 
converted  to  a  fixed  interest  rate,  the 
bond  holders  will  no  longer  have  the 
right  to  tender  their  bonds* 

Interest  Rate:  The  interest  rate  at  the  date  of  issue 

was  6  1/*  percent*  Annually,  on  the 
anniversary  of  the  issue  date  the  inter- 
est rate  will  be  adjusted  to  reflect 
changes  in  the  interest  rate  index.  The 
indexing  agent  of  the  issue  will  be 
responsible  for  determining  the 
adjusted  interest  rate  on  an  annual 
basis,  according  to  an  average  yield  of 
at  least  20  twelve-month  tax-exempt 
securities  with  a  comparable  debt 
category  and  rating  of  the  university's 
bond. 


Additional  Fees:         The  issi  mce  cost  of  the  bonds  totaled 

more  tk.n  $500,000. 

Security  Required       Under  the  indenture  agreement,  the 
by  Lender:  university  is  required  to  maintain  cash 

and  securities  with  a  trustee  to  pay 
principal  and  interest  to  bond  holders  in 
the  event  that  sublease  revenues  are 
insufficient  to  cover  debt  service. 
Initially,  the  university  pledged  to 
maintain  unrestricted  assets  in  the 
amount  of  $37  million,  which  will  b3 
reused  as  bonds  are  retired. 
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Terms  Required 
by  Borrower: 


The  university  has  the  right  to  convert 
the  bonds  from  an  adjustable  interest 
rate  to  fixed  interest  rate.  Prior  to  the 
conversion  to  a  fixed  interest  rate,  the 
bond  holders  have  the  right  to  tender 
(he.,  return)  their  bonds  for  purchase  by 
the  university. 


Type  of  Project: 


Various  research  and  institutional 
facilities  as  described  above. 


Features 


Administration 

The  authority  will  issue  the  bonds  and  place  the  bond  proceeds 
with  the  trustee  for  distribution  to  the  university.  Under  a  sub- 
lease agreement  with  the  authority,  the  university  will  receive 
the  bond  proceeds  for  construction  and  renovation  of  project 
facilities.  In  turn,  the  university's  sublease  payments  to  the 
authority  will  cover  the  principal,  premium  (if  any),  and  interest 
payments.  The  university  would  .be  required  to  fund  any  ',ender<s d 
bonds  if  the  returned  bonds  coujd  not  be  remarketed  and  i  eplenish 
the  debt  service  reserve  fund  if  the  reserve  is  redu^d.  in  the 
event  that  a  bond  holder  tenders  his  bond  to  the  university,  the 
remarketing  agent  will  try  to  the  best  of  its  ability  to  resell  the 
tendered  bonds. 


Adjustable  Interest  Rate 

The  interest  rate  on  the  bonds  will  be  adjusted  on  an  annual 
basis  based  on  the  index  defined  above  under  interest  rate  in  the 
section  on  term:.  The  rate  will  be  determined  by  the  remarketing 
agent  to  be  the  rate  that  equals  but  does  not  exceed  the  interest 
rate  necessary  to  sell  all  of  the  bonds  tendered. 


Conversion  to  a  Fixed  Interest  Rate 

At  the  direction  of  the  university,  the  bonds  may  be  converted 
to  a  fixed  interest  rate,  which  would  hold  constant  until  the  date 
of  maturity.  The  university  could  convert  the  bonds  to  a  fixed 
rate  if  interest  rates  were  anticipated  to  increase.  The  bond 
holders  would  have  the  right  to  tender  (i.e.,  return)  their  bonds  to 
the  university  prior  to  the  bonds1  being  converted  to  a  fixed 
interest  rate. 
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Security 

The  unique  feature  of  this  ARB  is  that  it  was  done  without  a 
backup  letter  of  credit.  Normally*  a  bank  letter  of  credit  would 
cost  annUaily  1/2  percent  to  1  percent  of  the  principal  balance. 
The  university  was  able  to  r  xeive  an  A  A  rating  and  sell  the  issue 
because  it  pledged  to  maintain  unrestricted  assets  at  $37  million. 
Therefore,  the  university  reduced  its  net  interest  cost  as 
compared  to  similar  issues. 


SOURCE:  Coopers  &  Lybrand. 
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APPENDIX  1:  DEBT  FINANCING  INSTRUMENTS 


Applicable  Financing  

.  Institution  Range  Term       General  Description 

Leasing  ,w 

Private  $ip6;000\  Short 

college  or  to     /*"  term 

tax^xempt*  $l,000;6o  1-10 

foundation  years 


Leasing  is  considered 
a  long-term  rental 
agreement  in  the  form 
of  operatingjease  or 
capital  lease. 


Municipal  Leases 

State    '  $100,000       1  year      A  municipal  lease  is 

"  to  considered  a  c'ondition- 

$1,000,000  al  sale  lease  where  thev 

payments  are  scheduled 
like  a  lease  hut  the  lessee 
is  considered  the  property 
owner  at  the  lease 
inception. 

The  lessor  receives  tax- 
exempt  status  on  the 
interest  portion  of  the 
lease  payment. 

This  form  of  debt  is  used 
when  the  entity  (state, 
municipality,  or  state 
university)  is  precluded  hy 
state  law  from  entering 
into  debt  for  a  longer 
period  than  a  single  fiscal 
year..  n 
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Advantages 


Disadvantages 


Institution  acquires  the  use 
of  equipment  without  making 
a  substantial  initial  cash 
outlay. 

Leasing  provides  a  means  for 
f  inancing  small  equipment 
acquisitions. 

Lessee  has  some  protection 
against  equipment 
obsolescence. 

Off  the  balance  sheet  debt. 


If  the  institution  has 
substantial  capital 
needs  and  can  issue 
debt,  long-term  financ- 
ing would  be  more 
cost  effective  than 
leasing. 

Leasing  requires  trade- 
offs to  be  made  on 
whether  the  institution 
acquires  title  to  the 
equipment. 


Quick  and  easy  form  of 
financing. 

Short-term  financing  with 
annual  renewal  options 
allowing  for  long-term 
financing  as  needed. 

Leasing  provides  some  pro- 
tection against  technical 
obsolescence  of  the  equip- 
ment. 


Leasing  is  another  form 
of  debt  which  will  have 
an  impact  on  the  insti- 
tution's cash  flow. 

Lessors  consider  muni- 
cipal leases  risky 
because  the  government 
is  legally  committed 
only  for  a  single  fis- 
cal year.  The  lessor 
will  charge  more  to 
cover  the  risk  of  can- 
cellation. 
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Applicable 
Institution 


Financing 


Range 


Term       General  Description 


Line  of  Credit 

State  or 
private 
university 
or 

foundation 


$i-?15  1  to  5      Represents  an  assur- 

million         years       ance  by  a  lending 

institution  that  funds 
will  be  made  available 
as  specific  project  needs 
arise. 


A  university  establishes  a 
line  of  credit  agreement 
with  a  bank,  defining  the 
terms,  conditions,  and 
interest  rate  to  be  required 
before  an  actual  loan  is 
made. 

The  agreement  states  the 
aggregate  ceiling  of  the 
loans  to  be  outstanding  at 
any  one  time. 


Pool  Revenue  Bonds 


State  or 

private 

institution 


Minimum 
$5  million 


10  Offers  tax-exempt  bond 

years       financing  to  a  group 

of  colleges  and  universities 
to  finance  numerous  small 
projects. 

Two  types  of  bond  pools: 
blind  pools  do  not  identify 
the  individual  borrowers  or 
the  projects;  composite 
pools  identify  all  partici- 
pants and  projects  and  loan 
amounts  to  be  included  in 
bond  issue. 


675- 


670 


Advantages 


Disadvantages 


Insurance  of  funds  avail- 
ability against  likely  but 
uncertain  needs. 

Ability  to  debt  finance  low- 
priced  equipment  on  more 
favorable  terms  than  leasing. 

Ready  access  to  funds  so 
that  equipment  procurement 
is  not  delayed  until  grant 
or  contract  funds  arrive. 

Availability  of  funds  until 
permanent  debt  financing  can 
be  secured. 

Insurance  of  funds  availability 
if  unexpected  needs  develop. 


Administrative  cost  and 
time  required  to  review 
loan  request  and  moni- 
tor debt  repayment* 

Risk  that  the  debt  re- 
payment guarantees  of 
dept.  heads  and  princi- 
pal investigators  will 
not  be  honored. 


Institutions  are  able  to 
pool  their  capital  needs 
•when  institutions  have 
insufficient  capital  needs 
to  make  an  individual 


Pool  Revenue  Bonds 
have  the  same  disad- 
vantages as  revenue 
bonds. 
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Applicable  Financing  

Institution        Range         Term       General  Description 
Pool  Revenue  Bonds  (continued) 

The  bonds  are  issued  by  a 
state  educational  author- 
ity, which  disburses  the 
bond  proceeds  to  partici- 
pating colleges  and  univer- 
sities. While  the  authority 
holds  the  bond  proceeds 
until  the  institutions  need 
funds,  the  authority  may 
invest  the  funds  at  a  higher 
interest  rate  than  the  bond 
interest  rate.  The  net 
interest  income  earned  on 
available  funds  is  used  to 
partially  cover  administra- 
tive cost.  The  IRS  requires 
that  all  bond  proceeds  be 
disbursed  to  pool  partici- 
pants within  three- years. 

Ths  period  of  the  institu- 
tions1 loans  range  from 
three  to  ten  years  but 
cannotexceed  the  term  of 
the  bond  issue. 

The  financial  liability  of 
the  participating  institu- 
tions.is  limited  to  the 
amount  of  their  individual 
loan  agreements. 
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Advantages 


Disadvantages 


revenue  bond3cost  effective 
or  an  institution  does  not 
have  a  credit  rating  to 
issue  debt  on  its  own. 

Allows  smaller  institution 
access  to  tax-exempt  debt 
financing. 

Spreads  the  cost  of  issuance 
among  a  number  of  institutions. 


If  sizable  debt  re- 
serves and  insurance 
premiums  are  required 
to  protect  against  the 
risk  of  loan  defaults, 
the  more  creditworthy 
institutions  in  the 
pool  may  be  subsidizing 
the  cost  of  debt  for 
the  less  creditworthy 
institutions.  The  finan- 
cially stronger  institutions 
may  be  able  to  obtain 
lower  interest  rates 
through  individual  bond 
issues  and  may  not  wish  to 
participate  in  the  pooh 
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Applicable  Financing  

Institution  Range        Term       General  Description 

Pool  Revenue  Bonds  (continued) 

The  individual  institution's 
interest  rate  may  vary  per 
loan  agreement  with  the 
authority  to  properly 
reflect  differences  in  loan 
risk  between  a  financially 
strong  institution  and  a 
small  college. 


Tax-Exempt  Variable  Rate  Demand  Bond  (VRDB) 


State  or 
private 
university 
with  the 
assistance 
of  govern- 
ment 

authority 


Minimum  Nominal  Bond  carrying  a  float- 
$3  matun-    mg  interest  rate  which 

million         ties  of     is  set  periodically  to 
25-30       a  percentage  of  prime 
years       interest  rate  or  trea- 
sury bills. 

The  bond  is  priced  as  a 
short-term  security  with  a 
nominal  long-term 
maturity. 
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Advantages 

Disadvantages 

i 

Providf*51  thp  i in iv£»rcil*v 
&  luiiuw  uiw  uiiivcroiuy 

Risk  and  cost  associ- 

duuess to  lower  interest 

ated  with  the  constant 

f*A^P  Hph't  Snctnimpntc 
j           i  ate  ucui  uidir uiiiciiio* 

change  and  movement  in 

the  short-term  debt 

Raise  substantial  funds 

market  (i.e«,  if  a  bond 

for  major  projects  when 

is  returned  and  cannot 

1  one -term  rates  are  too 

uc  lrnrncuia  tciy  resoiu 

hififh  to  issue  nermanent 

io  a  new  investor)  tne 

financing. 

university  win  nave  to 

draw  on  its  letter  of  credit 

to  repay  the  bond  holder). 

Risk  that  the  university 

may  not  be  able  to  roll 

over  the  VRDBs  into 

long-term  debt. 

: 
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Applicable 
Institution  > 


Financing 


Range 


Term       General  Description 


Tax-Exempt  Commercial  Paper  (TECP) 


State 

university 

or 

private 
college 

or; 

foundation 


Pool 

program 

minimum 

$50 

million 


Indiv- 
idual " 
loans 

minimum 
$100,000 


TECP- 
270  days 
or  less 

Pool 
program 
10  years 

Indiv- 
idual 
loans 
1-10 
years 


TECP  are  short-term 
obligations  withstated 
maturities  of  270  days 
or  less,  comparable  to 
corporate  commercial 
paper  except  interest 
rate  is  tax-exempt. 

A  pool- program  can  be 
established, by.  a 
designated  government 
authority  which  issues 
the  TECP  and  lends  the 
funds  to  participating 
institutions. 


The  TECP  is  designed  to  be 
rolled  over  at  its  maturity 
without  delays  and  addi- 
tional issuance  cost.  The 
interest  rates  on  the  par- 
ticipating institutions* 
loans  are  determined 
monthly,  based  on  the 
average  interest  rates  of 
the  TECPs  sold  in  a  month. 


General  Obligation 


Statfe 
university 


Minimum 
$3 

million 


20-30       Long-term  bond  secured 
years       by  the  full  faith,  credit 

and,  usually,  taxing  power 
of  the  state  or  local  gov- 
ernment. 
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Advantages 


Disadvantages 


A  university  has  access  to 
short-term  debt  at  favorable 
interest  rates. 

Issuance  costs  are  shared 
by  all  participants. 

Because  the  TECP  has  a 
short-term  maturity  and  is 
continually  rolled  over, 
the  university  is  not 
locked,  in  to  long-term  debt 
and  can  repay  anytime  with- 
out penalty. 


For  major,  long-term 
project  to  fund,  a 
Revenue  Bond  or  another 
long-term  debt  instru- 
ment wouid  match  the 
useful  life  of  the  asset. 


For  less  cost  a  uni- 
versity with  an 
established  credit 
rating  may  be  able  to 
access  short-term  fi- 
nancing through  a 
line  of  credit. 


Favorable  credit  ratings  can 
be  obtained  for  the  issue 
because  it  is  backed  by  the 
state  or  local  government. 


Legislative  approval  is 
required  for  the  bond. 
If  approval  is  delayed, 
project  would  have  to 
be  delayed  or  postponed. 
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Applicable 
Institution 


Financing 


Range        Term       General  Description 


Revenue  Bonds 

State 
university 
or 

private 
university 
or  college 
or 

tax-exempt 
foundation 


Minimum 
$3 

million 


20-30       Long-term  bonds  issued 
years       to  finance  a  specific 
revenue-generating 
project.  The  bonds  are 
secured  either  by  the 
project's  revenue  or 
the  revenue  of  the 
institution  as  a  whole* 

For  a  private  institution  to 
use  revenue  bond  financ- 
ing, the  institution  must 
obtain  the  assistance  of  a 
county,  industrial  devel- 
opment authority,  educa- 
tional facilities  authority, 
or  similar  agency. 

The  bond  investor  will  look 
at  the  institution's  overall 
revenue-generating  capabil- 
ity as  a  means  of  assessing 
its  ability  to  meet  interest 
obligations  and  principal 
payments. 

State  requirements  vary  on 
the  authority  state  univer- 
sities have  in  issuing 
revenue  bonds. 
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Advantages  Disadvantages 


Revenue  bonds  are  cheaper 
than  any  form  of  commercial 
financing  because  interest 
to  revenue  bond  investors 
is  exempt  from  federal  taxes. 


The  high  issuance,  le- 
gal, and  brokerage  fees 
associated  with  bonds 
mean  that  a  substantial 
dollar  amount  is  neces- 
sary to  make  the  bond 
cost  effective. 

The  Revenue  Bonds  are 
direct  obligations  of  a 
state  university  or  college 
with  the  bond  holders1 
looking  to  the  university 
(not  the  state)  for  repay- 
ment of  principal  and 
interest. 

The  attractiveness  of 
revenue  bonds  is  influenced 
by  the  investor's  need  to 
protect  from  taxes.  With 
any  lowering  of  tax  rates, 
the  investor  will  have  less 
need  to  shelter  income 
through  revenue  bonds. 
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Applicable  Financing  

Institution         Range        Term       General  Description 


Industrial  Development  Bonds 

Private  Minimum  20-30 

college  or        $1  years 
university  million 
or 

tax-exempt 
foundation 


A  security  ?ssued  by 
state,  local  government, 
designated  agency,  or 
development  corporation 
to  finance  the  construction 
or  purchase  of  buildings 
and/or  equipment  to  be 
leased  to  a  private 
corporation  (institution). 

The  credit  of  the  private 
institution  is  considered  to 
be  the  credit  backing  the 
issue. 
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Advantages 


Disadvantages 


As  that  happens,  to  keep 
attracting  investors, 
institutions  will  have  to 
offer  revenue  bonds  with 
higher  interest  rates, 
which  will  increase  the 
institution's  borrowing  cost* 

Revenue  bonds  are  long 
term  in  nature  and  not 
appropriate  for  financing 
short-term  equipment 
needs. 


Industrial  Development  Bonds 
provide  private  institutions 
a  means  of  raising  substan- 
tial capital. 


The  Industrial  Devel- 
opment Bonds  have  the 
same  disadvantages  as 
revenue  bonds. 


Industrial  Development  Bond 
interest  is  also  exempt  from 
federal  taxes. 
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Applicable  Financing  

Institution  Range        Term       General  Description 

.  Certificates  of  Participation 

State  or  Minimum      Life  of     Certificates  of  Parti- 

private  $1  asset       cipation  are  similar  to 

univer-  million  On  Behalf  of...  leases 

s*t*es  except  there  is  no  third- 

party  guarantee.  The 
purchaser  of  the  certifi- 
cates has  an  interest  in  the 
equipment  lease.  The 
certificates  represent  a 
lien  on  the  asset. 


On  Behalf  of... 


Tax-exempt      Minimum      Life  of 
foundation       $1  asset 
million 


Third-party  guaranteed 
revenue  bonds  or  leases 
issued  by  a  foundation  on 
behalf  of  a  state  or  private 
institution. 

Title  to  equipment  is  held 
by  the  foundation  and 
passes  to  the  institution 
when  the  debt  is  retired. 
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Advantages 


Disadvantages 


Institutions  that  do  not 
have  tax-exempt  foundations 
can  issue  the  certificates. 

Institutions  are  able  to 
finance  large  dollar  value 
equipment  through  public 
securities  investors  at 
longer  terms  and  at  lower 
interest  rates  than  other 
debt  instruments  require. 


Institutions  will  have 
to  plan  for  the  annual 
funding  of  the  certifi- 
cates as  a  fixed 
obligation. 

The  purchaser  will  look 
to  the  institution's 
revenue-generating 
capability  to  meet  this 
fixed  obligation  and 
assess  his  risk  position. 


Debt  does  not  affect  the 
university  or  college's 
balance  sheet. 

Lease  would  be  on  a  year- 
to-year  basis  with  annual 
renewal. 

State  institutions  which 
need  legislative  approval 
for  Revenue  Bonds  can  use 
On  Behalf  of ...  financing 
wi^out  state  government 
approval. 

The  foundation  funds  and 
enters  into  the  long-term 
lease. 


On  Behalf  of...  financ- 
ing is  viewed  as  an 
indirect  obligation  of 
the  institution. 
Investors  will  look  to 
the  institution's  reve- 
nue-generating capabil- 
ity to  assess  the  risk 
of  the  issue. 


SOURCE:  Coopers  &  Ly brand. 
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APPENDIX  3:  EXAMPLES  OF  EQUIPMENT  DONATIONS 


Examples  1  through  H  below  describe  equipment  donations 
involving  14. universities  and  12  corporations.  Equipment  donated 
includes  computed  axial  tomography  scanners,  digital  f  luoro- 
scopes,  nuclear  magnetic  resonance  spectrometers,  ^mainframe 
computers,  microcomputers,  software,  oscilloscopes,  spectrom- 
eters, laser  units,  processing  equipment  for  very  large-scale  inte- 
grated circuitry,  computer-aided  design  systems,  and  semiconduc- 
tor manufacturing  equipment. 


•  Principal  investigators  contacted  research  colleagues  at  the 
corporation. 

•  The  university  faculty  had?produced  innovative  ideas;  these 
were  then  licensed  to  the  donor  and  developed  into  successful 
products. 

•  The  university  was  viewed  as  a  recruiting  source. 

•  The  university  would  be  used  to  market  the  donorfs 
equipment;  principal  investigators  would  be  requested  to  show 
equipment  to  potential  purchasers;  results  of  equipment  usage 
would  be  provided  for  trade.and  scientific  shows. 


•  The  donor  receives  license  for  any  marketable  research;  the 
university  receives  the  copyright.  The  donor  must  sublicense  upon 
request;  both  share  the  royalties  from  sublicenses. 

•  The  donor  expects  the  marketing  activities  to  be  performed. 

•  In  order  to  have  time  to  obtain  patents,, the  donor  has 
occasionally  requested  that  scientific  results  be  withheld  from 
publication.  Although  university  guidelines  provide  that  publica- 
tion can  only  be  withheld  for  90  days,  the  university  often  com- 
plies with  the  request. 


EXAMPLE  1 


Circumstances  of  Donation 


Special  Considerations 
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Institution's  View 

•  The  donation  of  equipment  was  seen  as  the  only  feasible 
alternative,  since  the  level  of  funding  necessary  for  such  special- 
ized .machinery  is  unavailable  through  the  National  Institutes  of 
Health. 

•  The  equipment  is  generally  high  level,  although  not 
top-of-the-line. 

•  The  donor  has  paid  all  maintenance  costs. 

•  Students  have  developed  the  necessary  software.  The  donor 
has  provided  an  on-site  programmer. 

•  The  donor's  equipment  has  been  compatible  with  other 
equipment.  Major  items  were  self-contained. 

•  The  equipment  has  worked  well. 

•  The  researchers  feel  that  the  promotional  activity  is  an 
imposition. 

•  Patent-related  issues  have  been  problematic. 


Corporate, View 
The  donor  has  been  happy  with  the  university's  work. 


EXAMPLE  2 
Circumstances  of  Donation 

•  University  faculty  and  corporate  counterparts  had 
professional  contacts  prior  to  the  donation. 

•  The  university  has  an  active  research  faculty  that  has 
pursued  innovations. 

•  The  university  is  attractive  to  corporations  because  of  its 
accomplishments  and  innovative  ideas. 

•  Corporations  are  interested  in  recruiting  university  students. 

•  Tax  incentives  have  made  contributions  even  more 
attractive. 


Special  Considerations 

*  A  license  to  patentable  inventions  may  be  made  available  to 
the  donor. 

0  There  are  no  restrictions  on  the  publication  rights  of  work 
undertaken  by  the  university. 
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Institution's  View 

The  donor  does  not  cover  .all  costs.  Researchers  believe  that 
they  are  more  motivated  to  use  the  equipment  if  there  is  some 
cost  to  them.  Maintenance  ^osts,  howeyer,  are  quite  high. 

Corporate  View 

The  university  is  very  attractive  because  of  its  faculty, 
programs,  and  record  of  success. 

EXAMPLE  3 
Corporation  View  1 

•  Relationships  were  established  among  university  develop- 
ment office,  department  heads,  researchers,  and  corporate 
counterparts. 

•  the  university  identified  the  equipment  that  was  already 
available,  plans  fur  using  the  equipment,  the  potential  users  of  the 
equipment,  and  their  areas  of  interest. 

Corporation  View  2 

•  The  corporation  had  announced  its  intention  to  assist  uni- 
versity programs  similar  to  that  at  the  university;  there  was  no 
previous  relationship  with  the  university. 

•  The  corporation's  program  was  focused  on  a  specific  area  of 
engineering;  the  university  had  one  of  the  country's  first  engi- 
neering schools  in  this  field. 

General  Corporate  View 

•  Donors  were  interested  in  exposing  future  users  to 
•  state-of-the-art  equipment. 

•  The  tax  benefits  have  not  been  a  primary  incentive  to  small 
companies. 

•  Excess  inventory  resulting  from  lower  sales  has  been  a 
minor  factor. 
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Special  Considerations 
No  special  considerations  were  identified. 


Institution's  View 

State-of-the-art  equipment  is  now  available,  although  main- 
tenance and, technical  support  costs  are  a  problem.  For  this 
reason,  not  all  equipment  jthat  is  offered  is  accepted. 

EXAMPLE  4 
Circumstances  of  Donations 

•  For  research  and  development  purposes,  faculty  members 
and  departmenx  heads  work  through  corporate  contacts  to  obtain 
contracts. 

•  The  university  has  had  limited  success  with  sending  letters 
to  organizations  with  no  prior  contact.  Often,  the  corporation 
may  like  something  about  the  program  being  undertaken,  and  this 
will  provide  a  floor  for  establishing  a  relationship. 

•  With-scientific  equipment,  personal  contacts  are  very 
important.  The  foundation  and  development  officers  will  help 
faculty  members  and  department  heads  develop  plans  to  inform 
corporate  representatives  about  proposed  projects. 

•  Scientific  equipment  is  almost  never  given  in  isolation. 
Generally,  the  university  has  developed  a  program  that  the  donor 
is  interested  in,  and  the  donor  will  provide  the  equipment  and 
money. 


Special  Considerations 

•  Scientific  equipment  never  has  any  quid  pro  quo. 

•  With  research  and  development  equipment,  the  nonexclu- 
sive use  of  patents  is  provided  to  the  contracting  corporation,  and 
the  university  holds  the  patent.  Sometimes  the  university  will 
receive  royalties,  depending  upon  the  jpirrangement. 


Institution's  View 

•  Since  the  donor  does  not  cover  all  costs,  maintenance  and 
operating  costs  are  a  major  problem. 
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•  The  university  generally  has  been  happy  with  the  arrange- 
ments. 

Corporate  View 

The  donating  organization  appears  to  be  pleased  with  the  way 
the  arrangements  have  worked  out. 

EXAMPLE  5 
Circumstances  of  Donation 

•  The  university  has  a  good  reputation  in  many  scientific 
areas. 

•  The  donors  receive  feedback  on  prototype  equipment  to  ~( 
work  out  bugs. 

•  The  university  has  productive  relations  with  contributors, 
which  leads  to  many  coming  back  repeatedly. 

•  The  university  faculty  conceives  interesting  projects  and 
establishes  personal  contacts  with  donors. 

•  Tax  benefits  are  helpful  but  are  not  a  major  factor. 


Special  Considerations 

•  Certain  corporations  gi/e  many  micros  to  faculty,  and  there 
is  an  agreement  to  share  any  software  developed.  The  university 
has  the  copyright,  but  the  donor  often  has  exclusive  license. 

•  The  donor  expects  feedback  on  prototypes. 

•  There  are  sometimes  restrictions  on  publication  for  up  to 
one  year,  which  must  be  complied  with  (does  not  normally  cause 
problems). 

Institution's  View 

•  The  university  is  generally  happy. 

•  Often  the  maintenance  costs  are  covered  by  the  donor. 

•  Many  corporations  come  back  many  times. 

•  Sometimes  they  are  offered  more  equipment  than  they  can 
take.  They  only  accept  it  when  it  is  well  matched  to  their  needs. 

•  They  get  a  good  deal  of  state-of-the-art  equipment  and 
prototypes. 
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Corporate  View 

There  was  no  specific  feedback,  but  the  university  assumes 
they  are  satisfied  since  they  keep  returning. 


EXAMPLE  6 


Circumstances  of  Donations 


Corporate 

•  Corporations  are  interested  in  exposing  future  users  to 
state-of-the-art  equipment. 

•  Corporations  seek  researchers'  feedback  li  order  to  improve 
equipment. 

•  Corporations  donate  equipment  to  demonstrate  genera! 
support  for  higher  education. 


University 

•  The  university  strictly  enforces  the  conditions  under  which 
it  will  accept  gifts;  exclusive  licensing  arrangements  are  never 
provided;  nonexclusive  agreements  are  acceptable. 

•  The  university  will  not  provide  the  donor  with  written 
feedback;  however,  oral  discussions  are  acceptable. 


•  Donor  corporations  often  contribute  ancillary  expenses  such 
as  maintenance  and  software  along  with  the  equipment. 

•  Both  the  university  and  the  corporations  initiate  contacts. 
Corporate  contacts  are  developed  through  visiting  committees 
and  other  visits  by  corporate  executives  and  researchers. 
Individual  faculty  members  develop  relationships  with  corporate 
counterparts. 


Generally,  the  university  has  been  able  to  obtain  whatever  . 
equipment  has  been  needed. 


Special  Considerations 


Institution's  View 
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EXAMPLE  7 
Circumstances  of  Arrangements 

•  Money  is  primarily  given  under  research  contracts*  Equip- 
ment is  supplied 'if  it  is  needed: 

•  Contacts  are  often  made  through  established  relationships 
with  universities. 

•  One  university  is  a  popular  donee  since  many  alumni  work  at 
the  corporation. 

•  Arrangements  are  often  entered  into  when  an  institution  has 
begun  working  on  a  program  in  which  the  corporation  is  interested. 

•  Tax  benefits  have  a  significant  impact  on  the  level  of 
contributions. 

•  The  corporation  feels  an  obligation  to  help  fund  university 
research  since  more  is  needed.  It  cannot  fund  the  amounts  it 
would  like  to  because  of  the  costs.  Additional  tax  benefits  would 

be  a  desirable  way  of  lowering  costs. 

* 

Special  Considerations 

The  corporation  installs  the  equipment  and  for  awhile 
maintains  it  and  provides  backup  support. 

Institution's  View 
It  appears  that  colleges  are  satisfied  with  the  arrangements. 

Corporate  View 

Results  have  been  good  so  far.  If  they  had  not  been,  the 
corporation  would  not  continue  contract  research  and  scientific 
equipment  donations. 

EXAMPLE  8 
Circumstances  of  Donation 

•  The  corporation  ordinarily  makes  a  grant  after  a  written 
proposal  is  submitted;  proposals  come  about  as  a  result  of  con- 
tinuing dialogue  with  university  researchers. 
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•  Considerations  include  the  corporation's  desire  to  support 
education?  the  quality  of  the  institution,  its  faculty,  and  its  stu- 
dents? its  ability  to  undertake  proposed  projects;  its  fiduciary 
capability;  and  the  importance  to  the  corporation  of  the  tech- 
nology under  study,;     , .  , 

•  Ordinarily,  R&D  expenditures  .are;  joint  study  contracts  , 
under  >yhich-the,  corporation  provides  money,  equipment,  and 
personnel. 

i«  • ,  Tfye  $&D  tax  credit  is  an  incentive  for  the  corporation  (1)  in 
making  positive  decisions  on  marginal  projects,  and  (2)  because 
.credit  ameliorates  impact  on> aftertax  profit  margins  of  increased 
R<&  Depending; 


Special  Considerations 

•  No  conditions  or  restrictions  are  placed  on  the  institutions 
to  which  it  provides  grants  of  equipment, 

•  Maintenance  contracts  are  usually  provided  for  the  war- 
ranty period,  after  which  the  institution  must  absorb  the  cost, 

•  The  corporation  is  flexible  in  structuring  research  con- 
tracts, but  its  primary  concern  is  access  to  results;  no  restrictions 
are  made  as  to  use  or  publication  of  results. 


Corporate  View 

•  The  corporation  looks  for  institutions  with  necessary 
technical  know-how  to  perform  a  project. 

•  Success  of  projects  is  viewed  in  broad  terms.  Any  advance- 
ment of  the  knowledge  base  in  a  particular  area  is  considered  a 
success. 


EXAMPLE  9 
Circumstances  of  Arrangements 

•  Primary  motivation  of  contributions  is  to  help  upgrade 
university  research  facilities,  since  many  are  outdated. 

•  The  corporation  hopes  to  provide  weiMralned  engineers  in 
the  fields  the  corporation  is  interested  in  with  the  hope  that  there 
will  be  a  supply  of  good  engineers  for  futu  .  hiring. 

•  Corporations  also  make4donations  with  the  hope  that  users 
will  be  happy  with  them  and  purchase  additional  products  of  those 
corporations. 
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•  Tax  incentives  are  important  regarding  the  level  of 
charitable  contributions.  This  is  because  the  higher  the  per- 
centage of  product  cost  that  can  be  offset  with  tax  benefits,  the 
greater  the  number  of  products  that  can  be  donated  at  the  same 
cost. 

•  .Equipment  donations  are  initiated  by  colleges  interested  in 
obtaining  a  product  and  by  a  corporation  when  it  identifies 
institutions  that  are  performing  research  in  areas  it  is  interested 
hi.  Contacts  between  the  corporation  a>d  the  institutions  have 
been  in  existence  prior  to  some  contributions!  although  this  is  not 
true  in  a  large  number  of  instances. 


Special  Considerations 

•  Equipment is.not  usually  prpvided  under  research  con- 
tracts, which  are  normally  with  large  research  institutions.  The 
reason  iqx  this  is  that  when  the  corporation  enters  a  research 
contract,  it  does  not  have  adequate  personnel  on  hand  to  do  the 
work  itsetf  j  it  looks  for  colleges  or  universities  with  facilities  in 
place  in  the  particular  field  of  study  and  specialized  personnel. 

•  Basic  research  contracts  ere  not  of ten  entered  into,  since 
they  will  not  necessarily  provide  tne  corporation  with  any  direct 
benefits  and  they  are  difficult  to  justify  to  shareholders.  Also, 
since  a  fair  amount  of  basic  research  is  performed  at  the  corpora- 
tion in  fields  it  is  interested  in,  it  has  less  of  an  incentive  to  fund 
basic  research  elsewhere. 

•  When  a  corporation  donates  equipment,  it  also  installs  it  and 
provides  the  same  warranty  a  paying  customer  receives.  If  a 
service  contract  is  ordinarily  provided  with  the  equipment,  that  is 
also  included.  Corporations  would  be  more  willing  to  provide  ser- 
vice contracts  if  additional  tax  benefits  were  associated  with 
them. 


Corporate  View 

•  The  corporation  expects  colleges  to  take  some  responsibil- 
ity for  operating  and  maintaining  the  equipment  and  does  not  feel 
that  it  should  incur. all  costs. 

•  The  corporation  has  an  interest  in  seeing  the  property 
maintained,  because  if  students  repeatedly  observe  the  equipment 
malfunctioning, .they  will  develop  a  negative  image  of  it  and  will 
be  less  likely  to  purchase  it  in  the  future. 
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EXAMPLE  10 


Circumstances  of  Arrangements 


•  Primary  concerns  are  with  expertise  of  the  institution  and 
its  ability  to  assist  with  product  application  and  development. 

•  Tax  incentives  make  scientific  contributions  and  research 
contracts  more  desirable. 

•  Arrangements  result  from  informal  contacts  between 
corporate  and  university  counterparts. 


•  There  is  no  quid  pro  quo  for  contributions  of  scientific 
equipment,  although  access  to  data  regarding  equipment  use  is 
anticipated. 

•  If  research  produces  any  patentable  results,  the  corpora- 
tion acquires  a  license. 


Generally  there  is  a  favorable  perception.  If  institutions  were 
not  happy,  they  would  not  continue  to  accept  equipment  and 
undertake  research  arrangements. 


Favorable  feedback  has  been  received.  There  was  only  one 
instance  where  an  arrangement  was  not  considered  successful. 


Research  and  Development 

•  In  the  case  of  research  and  development  projects,  the 
company  is  mainly  looking  at  what  it  can  receive  in  return,  such 
as  technology  that  can  be  marketed  or  put  to  use  in-house  for 
designing  new  products  (e.g.,  software). 

•  Marketing  of  equipment  is  also  important  in  the  hope  that 
(1)  institutions  will  purchase  additional  equipment  from  the 


Special  Considerations 


Institution's  View 


Corporate  View 


EXAMPLE  1 1 


Circumstances  of  Donations 
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donating  company,  and  (2)  that  students9  experience  with  the 
equipment  will  encourage  future  sales. 

•  Receipt  of  proposals  in  which  the  company  is  interested  and 
a  proven  capacity  to  conduct  high-quality  research  are  influential 
in  decisions  to  donate  equipment  for  R&D  contracts. 

•  Tax  benefits  are  helpful  in  the  decision  to  donate. 


Scientific  Equipment 

•  Tax  benefits  are  important  in  the  decision  to  donate.  The 
company  prefers  to  donate  more  expensive  items,  since  there  is  a 
higher  markup  and  they  can  take  advantage  of  scientific  equip- 
ment deductions. 

•  Major  contributions  were  made  to  one  institution  for  the 
following  reasons:  the  company  could  not  enter  into  an  R&D 
contract,  since  the  university  will  not  provide  exclusive  rights  to 
anyone;  informal  feedback  is  useful  to  the  Company  regarding 
equipment  performance;  the  institution  has  a  good  research 
reputation;  close  personal  ties  have  developed  over  the  years, 
since  many  high-level  employees  are  graduates  of  that  university; 
and  since  the  company's  engineers  will  be  working  on  the  equip- 
ment with  that  university's  counterparts,  the  company  will  have 
first-hand,  knowledge  of  the  information  being  developed  and  its 
possible  uses  (the  type  of  work  the  equipment  is  being  used  for  is 
important  to  the  company). 


Special  Considerations 

•  The  university  holds  the  copyright  or  patent,  but  the  com- 
pany has  nonexclusive  license  with  no  royalty  payments  to  the 
university. 

'  •  Tha  company  has  the  right  to  review  material  before  it  is 
published  to  ensure  that  no  ptoprietary  information  18  released. 

•  No  special  considerations  are  involved  for  scientific  equip- 
ment contributions.  The  equipment  is  given  outright  without 
restrictions. 


Institution's  View 
The  company  was  not  aware  of  any  specifics. 
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Corporate  View 

.  m  The  company  is  hjappy  with  the  past  record  of  a  number  of 
institutions.  It  has  recently  dramatically  increased  the  level  of 
contributions  and  has  not  yet  received  the  results  of  most  new 
projects.  '  .* 


SOURCE;  Coopers  &  Lybrand. 
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Adequacy  of  Academic  Research  Facilities* 


ABSTRACT 


Recent  studies  have  raised  serious  questions  about  the  adequacy  of  academic  research 
facilities  -  tht 'bricks  and  mortar  (and  mobile  or  remote  research  spaces  such  as  ships, 
airplanes,  aquaculture  facilities,  and  monitoring  stations),  which  house  and  support 
academic  research  and  ?csearch  instrumentation.  An  ad  hoc  interagency  steering 
committee  was  formed  in  November  1983  and  is  planning  a  detailed  study  of  academic 
research  facilities.  The  committee  has  recently  analyzed  data  on  past  expenditures  and 
future  needs  for  academic  research  facilities  as  derived  from  capital  facilities  planning 
documents  of  25  major  research  institutions  which  perform  about  3Z%  of  all  federally 
funded  research  and  development  at  universities  and  colleges.  From  a  scaling  of  these 
results,  it  is  estimated  that  about  $1.3  billion  per  year  of  construction,  remodeling,  and 
refurbishment  of  science,  engineering,  and  medical  research  facilities  is  currently  being 
planned  all  universities  and  colleges  over  the  next  five  years.  This  estimate  is 
consistent  with  a  1981  study  of  J5  institutions  carried  out  by  the  Association  of  American 
Universities.  As  a  percentage  of  total  expenditures,  the  findings  are  also  consistent  with 
capital  outlays  at  industrial  research  and. development  laboratories,  and  at  the  university 
t  administered  Federally-Financed  Research  and  Development  Centers. 

Introduction 

Several  recent  studies^3  of  academic  research  capabilities  concluded  that  the  quality  of 
research  instrumentation^  university  laboratories  has  seriously  eroded.  Strengthened 
programs  in  the  Department  of  nefense,  the  National  Science  Foundation  and  other 
Federal  agencies  are  now  addressing  the  replacement  and  renewal  of  research  instru- 
mentation. However,  these  same  studies  have  also  raised  serious  questions  about  the 
adequacy  of  academic  research  facilities  -  the  bricks  and  mortar,  (and  mobile  or  remote 
research  spaces  such  as  ships,  airplanes,  aquaculture  facilities,  and  mon.toring  stations), 
and  services  which  house  and  support  the  research  instrumentation. 


•Pr<p*rcd  under  the  direction  of  the  Ad  Hoc  Intervener  steering  Committee  on 
Academic  Re»earch  Facilities  with  the  «»I»tance  of  the  NSF  Twle  Croup  on  Academic 
Reswr =h  Facilities.  (lUti  of  members  In  the  Appendix*, 
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More  recently,  Federal  Agencies  and  the  Congress  have  received  many  expressions  of 
concern  that  deteriorating  research  facilities  are  becoming  a  serious  problem  for 
academic  scientists  and  engineers,  materially  impairing  their  ability,  to  work  competi- 
tively at  the  frontiers  of  scientific  and  engineering  knowledge.  The  House  Authorization 
"Act  ^or?  the  FY  ISik  Budget  of  the  Deoartment  of  Defense  directed  that  a  study  be 
undertaken  by  the  Secretary  of.Def ense  on  the  need  to  modernize  university  science  and 
engineering  laboratories  essential  to  long-term  national  security  needs.  The  Congress  also 
'directed  NSF  to  be  an  aggressive  lead  agency  In  encouraRlngjother  Federal  agencies,  state 
'and -focal  governments,  and  the  private  sector  to  support  the  renewal  of  university 
research  facilities,  arid  encouraged  the  Foundation  to  estimate  the  > magnitude  of  the 
current  facilities  probiem  and  to  assess  the  success  of  programs  for  facilities.renewal. 
Furthermore,  during  the  past  30  years  the  National  Institutes  of  Health  have  .provided 
major  support  for  health  research  facilities  construction,  and  the  Congress  has  periodi- 
cally requested  assessments  of  the  status  and  needs  for  these  research  facilities. 

Interagency  Steering  Committee 

In  view  of  the  important  role  that  a  strong  academic  research  effort  plays  in  underpinning 
the  Nation's  economy,  health  and  national  defense,  the  Department  of  Defense,  the 
National  Institutes  of  Health,  the  Department  of  Energy  the  U.  S.  Department  of 
Agriculture,  and  'the  National  Science  Foundation  are  cooperating  in  an  effort  to 
determine  the  magnitude  of  the  problem  related  to  academic  research  facilities.  An  ad 
hoc  steering  committee  formed  with  representation  from  „these  agencies  is  planning  an  ln- 
'deptK  study  of  academic  research  facilities.  The  objective  of  this  study  will  be  to  obtain 
a  detailed  understanding  of  the  condition  of  academic  facilities  currently  being  used  for 
science,  engineering,  and  medical  research  and  the  estimated  Juture  needs  for  construc- 
tion, remodeling  and  refurbishment.  It  is  presently  planned  that  this  study  will  be  carried 
out  by  the  National  Academy  of  Sciences.  An  internal  NSF  Task  Group  has  also  been 
formed  to  examine  available  data  research  resources,  determine  what  additional 
Information  is  needed,  develop  a  credible  study  design,  and  work  with  .the  interagency 
steering  committee  in  formulating  a  government-wide  study  of  academic  scientific  and 
engineering  research  facilities. 
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IriitlafStudy 

-  'fiisafoions  with  a  number*  Vf  unfoerelty  presidents  indicated  that  their  institutions  already 
->ad  prepared  «veiyear  facility  pfcns*as  well  as  detailed  figures  on  expenditures  for  new- 
-cb&tructiwf'ind  thtfttmbdellng  and  refurfcishment  of  existing  structures  over  the  past 
-We Yt'ir  period  and  Were  willing  to  shar'e  the  Information  with  the  interagency  steering 
^mmlttee*  'Such  InfwmatioK  was  subsequently  requested  and  received  from  25  major 
^.5Mr^?^ti^t^  which' Perform  about  38%  of  all  federallyrfunded  research  and 
fcy*^  From  an  analysis  of  these  data,  It  is  estimated 

'^j^*  '^5^^  J*r,         01  construction,  remodeling,  and  refurbishment  .of 
"•Scienceren-gineering,  and  medical  research  facilities  Is  planned  by  these  25  institutions 
y^^v^ftydfa  (See  fable  I  for  ^breakdown  by  discipline.)  If  these  plans  are 
scaled  up  in  proportion  to  the  share  of  federaliy-funded  R&D,  all  universities  and  colleges 
would  require  over  the' next  five  years  about  $1.3  billion  per  year  for  these  purposes.  This 
estimate  is  consistent  with  a  1981  survey  of  15  universities.carried  out  by  the  Association 
of  American  Universities  .  Both  estimates  are  probably  conservative  because  the  plans 
were  constrained  by  the  perceived  availability  of  funds.  The  planned  major  study  will 
^obtain  more  detailed  and  definitive  data,  and  could  well  result  in  a  higher  figure. 

Other  sources  of  data  were  analysed  to  see  how  the  estimate  of.  $1.3  billion" per  year 
compared.  A  r'vate-sector  survey*  of  Industrial  research  and  development  laboratories 
found  that  t±7%  ct  total  R&D  funds  are  spent  on  R&D  plant.  An  NSF  survey5  shows.that 
the  universitV-administered  Federally-Financed  Research  and  Development  Centers 
(FFRDCS)  spent  13.6%  of  their  total  R&D  budget  ii»  FY  1983  on  R&n  plant.  Based  on  the 
estimated  $7.8  billion  fotai  R&D  at  universities  and  colleges  in  I98«,  these  figures  would 
predict  a  range  of  $99b"mHlIon  to  $1.06  billion  for  total  R&D  plant  expenditures  at 
universities  and  colleges.  The  slightly  higher  "estimate  of  need  from  our  recent  study  may 
result  from  pressure  to  recover  from  past  underinvestment.  These  figures  should  also  be 
"compared  to  the  estimated7  1980  federal*  obligation  of  $*0  million  to  universities  and 
colleges  for  R&D  Plant,  and  the  1981  figure8  of  $155  million  for  the  total  Federal 
contribution  to  science  and  engineering  facilities  for  research,  development,  and  instruc- 
tion, (no  breakdown  is  available). 
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Table  1 

Recent  Survey  of  Facilities  Expenditures  and  Needs  at  25  Major  Academic  Pcsearch  Institutions 

°  planT*^  °'  P3$t  3nC*  pl3nnCd  "pitaJ  exPenditure$  from  an  analysis  of  long-range 

o  The  25  institutions  supplied  existing  planning  documents  'typically  5  years)  and 
data  on  past  plus  present  (usually  1983)  capital  expenditures  (typically  5  years). 

o  These  institutions  received  38%  of  the  total  Federal  R&D  obligations  to  universities 
and  colleges  in  Fiscal  Year  1981.  They  performed  3*%  of  all  academic  R&D 
in  Fiscal  Year  1981. 

o  Although  planning  cycles  were  typically  5  years,  they  varied  from  two  to  seven 
years.  Therefore,  the  data  are  standardized  as  yearly  averages. 


($  millions)    (current  dollars) 


Past  &  Current 

Avg.  annual 
Future 


$185 


Avg.  annual  $95 
Future  by  Field  (supplied  by  22  respondents) 
(Avg.:  annual) 


.Engineering 
Phys.  Sci.,  Math., 

Comp.  Sci. 
Medical  Sci. 
Agric.  Sci. 
Life  Sci.-Bio. 
Environmental 
OtKer  * 


No.  of  Institution; 
22 

25 


% 

77 

16  - 

15 

121 

26 

15 

9<f 

20 

Iff 

35 

7 

7 

65 

l<f 

13 

28 

6 

6 

50 

11 

11 

<f70 

100 
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EXECUTIVE  SUMMARY 


Because  of  continuing  concerns  about  the  age  and  condi- 
tion- of  research  equipment  in  academic  institutions,  and  about 
the  effect  of  obsolescent  equipment  on  the  quality  of  research 
in  the  nation's  universities  and  medical  schools,  the  Congress 
of  the  United  States  charged  the  National  Science  Foundation 
with  conducting  inventories  of,  and  analyses  of  the  need*;  for, 
scientific  instrumentation.      NSF  initiated  a  feasibility  study 
to  determine  how  pertinent  information  could  be  obtained  and  how 
suitable  indicators  of  the  status  of  research  instrumentation 
could  be ^developed.    That  study  was  followed  by  specifications 
for  a  baseline  national  survey ,  which  was  funded  by  NSF  as  a 
two-phaso  study  starting  in  1982.    Using  a  stratified  proba- 
bility sample  of  43  universities,  the  Phase  I  survey  of  existing 
research  instruments  and  instrumentation  needs  was  conducted 
during  tho  1982-83  academic  year  for  the  physical  and  computer 
sciences  and  engineering.    The  report  of  this  survey  is  available 
from  the  'National  Science  Foundation. 

For  Phase  II  of  the  study,  which  encompasses  the  bio- 
logical, agricultural,  and  environmental  sciences,  the  National 
Institutes  of  Health  joined  the  National  Science  Foundation  by 
funding  a  survey  of  the  biological  sciences  in  medical  schools 
to  provide  a  comprehensive  picture  of  instrumentation  in  those 
sciences.    NIH  also  provided  for  a  limited  study  to  determine 
the  feasibility  of  obtaining  the  Same  data  for  medical  (i.e., 


An  Act  to  Authorize  Appropriations  for  the  National  Sciotc^ 
Foundation  tor  Fiscal  Year  1980,  and  for  other  Purposes.  Public 
Law  96-44,  Section  7.  " 

*  Academic  Research  Equipment  in  the  Physical,  and  Computer  Sciences 
and  Engineering;    An  Analysis  of  Findings  from  Phase  I  cf  the 
National  Science  Foundation's  National  Survey  of  Academic  Research 
Instruments  and  Instrumentation  Needs,    westat,  Inc.,  December  1984 
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clinical)  sciences  as  for  the  biological  sciences.    For  this 
purpose  departments  of  medicine  were  chosen.    After  a  stratified 
probability  sample  of  24  medical  schools  was  selected,  Phase  II 
was  conducted  during  the  1983-84  academic  year.    The  results  of 
the  Phase  IX  survey  for  thd  biological  sciences  and  departments 
of  medicine  are  the  subject  of  this  report. 

Overview 


needs  and  instrument  systems  in  the  biological  sciences  and 
departments  of  medicine,  it  is  apparent  that  there  are  defi- 
ciencies in  the  current  levels  of  instrumentation.    The  extent 
of  the  deficiencies  varies  significantly  among  the  subfields  of 
research.    More  advanced  instrumentation  is  needed  to  allow 
investigators  to  perform  critical  experiments  which  cannot  now 
b*  adequately  conducted.    Better  maintenance  and  repair  facilities 
are  needed.    Although  18  percent  of  the  current  national  stock 
of  equipment  is  considered  state-of-the-art,  that  status  ia  lost 
very  rapidly;  the  need  for  replacement  by  upgrading  i-  continuous 
and  of  the  highest  importance. 

Department-Level  Findings 


in  assessing  the  needs  and  priorities  of  their  departments, 
stated  that  critical  scientific  experiments  could  not  be  con- 
ducted because  their  departments  lacked  appropriate  instru- 
mentation.   This  was  more  often  stated  for  the  biological  sciences 
than  for  departments  of  medicine,  and  for  public  institutions 
than  for  private  institutions. 


From  the  results  of  this  study  of  instrumentation 


Mora  than  half  of  the  heads  of  .departments/facilities, 
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The  capability  of  existing  equipment  to  enable  researchers 
to  pursue  their  major  interes£s  was  rated  excellent  for  tenured 
faculty  by  only  one-sixth  of  the  departments,  while  over  one- 
fourth  regarded  their  capability  as  insufficient.    For  untenured 
faculty  the  proportion  of  equipment  rated  insufficient  was  one- 
t\ird.    More  than  twice  as  mar.y  graduate  school  departments  as 
departments  in  medical  schools  answered  "insufficient,"  however, 
and  three  times  as  many  departments  in  public  institutions  as  in 
private  institutions  did  so.    Compared  with  other  fields  of 
science,  the  current  stock  of  equipment  in  the  biological  sciences 
as  a  whole  was  more  favorably  assessed  than  in  any  other  field, 
but  this  was  primarily  due  to  medical  schools.    For  biological 
science  departments  in  graduate  schools,  the  degree  of  insufficiency 
matched  that  given  for  graduate  school  departments  in  other 
fields,  such  as  physical  sciences  and  engineering. 

The  same  patterns  were  found  for  assessments  of  instru- 
mentation support  services  (i.e.,  machine  and  electronics  shops), 
with  about  half  of  the  departments  calling  them  insufficient  or 
nonexistent.    Departments  of  medicine  considered  their  support 
better  than  did  the  biological  sciences,  and  private  institutions 
better  than  public  institutions. 

Although  these  assessments  are  based  not  on  quanti- 
tative data  but  rather  on  informed  opinion,  the  consistency  with 
which  some  large  groups  report  more  inadequacies  than  other 
groups  indicates  a  widespread  perception  of  a  problem. 

If  increased  Federal  funding  were  available  for  pur- 
chase of  research  equipment,  two-thirds  of  heads  of  departments/ 
facilities  would  put  funds  into  instruments  costing  between 
$10,000  and  $50,000,  while  another  one-fifth  desired  instruments 
between  $50,000  and  $1  million.    Private  institutions  wanted 
more  instruments  in  the  upper  range  than  public  institutions. 
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In  other  fields  of  science,  there  was  more  of  a  need  for  instruments 
in  the  range  of  $50,000  to  $1  million  than  was  found  in  the 
biological  sciences,  and  even  for  systems  costing  above  $1  million  — 
which  none  of  the  department  heads  in  the  biological  sciences 
mentioned  as  a  top  priority  need. 

When  asked  to  list  the  three  research  instruments 
costing  between  $10,000  and  $1  million  that  were  most  urgently 
needed,  department  heads  often  listed  various  types  of  prepara- 
tive instruments.    For  most  disciplines,  these  were  the  most 
frequently  needed  items.    Nearly  80  percent  of  the  instruments 
mentioned  were  in  categories  where  the  median  cost  of  the  instrument 
was  under  $75,000.    Instruments  with  a  median  cost  over  $100,000 
most  frequently  mentioned  were  electron  microscopes  and  NMRs. 

The  biological  sciences  and  departments  of  medicine 
spent  a  total  of  $158  million  on  research  equipment  costing  over 
$500  in  FY  1983,  and  an  additional  $36  million  on  maintenance 
and  repair.    The  mean  amount  spent  for  research  equipment  in 
FY  1983  was  $48,000  per  doctoral  degree  awarded  annually.  The 
mean  amount  per  faculty-level  researcher  was  $5,900.  Medical 
schools  spent  about  twice  the  amount  per  doctoral  degree  and 
researcher  as  graduate  schools,  and  private  institutions  consid- 
erably more  than  public  institutions. 

The  National  Stock  of  Academic  Research  Equipment 

There  were  over  21,000  instrument  systems  in  the  cur- 
rent inventories  of  the  biological  sciences  and  departments  of 
medicine,  with  an  aggregate  purchase  cost  of  $555  million.  In 
terms  of  constant  1982  dollars,  the  cost  of  these  instruments  is 
estimated  at  $863  million.    The  biological  sciences  had  more 
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instrument  systems  than  any  other  field  of  academic  science,  hut 
the  mean  cost  per  instrument  system  ($27,000)  was  the  lowest  for 
any  field  except  agricultural  sciences. 

About  three-fourths  of  all  presently  existing  academic 
research  instruments  in  the  biological  and  medical  sciences  cost 
between  $10 , 000  and  $25 , 000.    Only  five  percent  cost  between 
$75,000  and  $1  million,  but  they  accounted  for  one-fourth  of  all 
funds  spent  for  equipment. 

Since  the  amount  of  research  activity  in  the  several 
biological  sciences  subfields  varies  considerably,  numerical 
comparisons  between  the  subfields  are  dominated  by  the  relative 
"size"  of  each  enterprise.    In  an  attempt  to  normalize  between- 
subfield  and  institutional  comparisons,  instrument  numbers  and 
costs  were  calculated  per  researcher  and  per  graduate  degree 
awarded.    The  resulting  ratios  are  indices  only  and  do  not  repre- 
sent actual  one-time  costs  per  researcher  or  per  degree  awarded. 
Mean  dollar  amount  of  research  instrumentation  per  researcher  in 
the  biological  sciences  was  about  $21,000,  but  the  amount  in 
medical  schools  per  researcher  was  50  percent  higher  than  in 
nonmedical  schools.    For  departments  of  medicine,  the  mean  equip- 
ment investment  per  lesearcher  was  $15,000.    Mean  aggregate 
equipment  cost  per  doctoral  degree  awarded  in  1982-83  in  the 
biological  sciences  was  $143,500,  but  for  medical  schools  that 
cost  was  more  than  twice  as  much  as  in  nonmedical  schools.  Private 
institutions  had  higher  investments  per  researcher  and  per  graduate 
degree  than  public  institutions. 

State-of-the-art  instruments  constituted  18  percent  of 
the  national  stock  in  1983,  although  the  percentage  was  larger 
in  private  institutions  than  public  institutions.    Another  65 
percent  were  in  active  research  use,  although  not  classified  as 
state-of-the-art.    Instruments  that  were  not  in  active  use 
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because  of  technological  obsolescence  or  inoperable  mechanical 
condition,  but  that  were  still  physically  present  at  the  insti- 
tution, constituted  another  16  percent  of  the  national  stock. 
Departments  of  medicine,  however,  had  twice  as  large  a  per- 
centage of  obsolete  or  inoperable  instruments  on  their  inven- 
tories as  the  biological  sciences. 


Age  and  Condition  of  Academic  Research  Equipment 

For  all  instruments  in  the  national  stock,  44  percent 
were  from  1  to  5  years  old,  and  27  percent  were  over  10  years 
old.    Omitting  the  inactive  systems  from  consideration,  the 
proportion  of  instruments  aged  1  to  5  years  was  50  percent,  and 
22  percent  were  over  10  years  old.    For  instrument  systems  that 
were  in  active  research  use,  departments  of  medicine  had  a  higher 
proportion  of  newer  instruments  than  did  the  biological  sciences, 
and  private  institutions  were  higher  than  public  institutions. 
Compared  with  other  fields  of  science,  instruments  in  the  biolog- 
ical sciences  were  somewhat  older. 

Most  state-of-the-i»?t  instruments  in  1983  were  relatively 
new.    Fifty  percent  of  instruments  purchased  in  1983  were  state- 
of-the-art,  but  of  those  purchased  two  years  earlier  (in  1981), 
only  37  percent  were  still  considered  state-of-the-art.  Six- 
year  old  instruments  were  classified  as  state-of-the-art  only  13 
percent  of  the  time.    Altogether,  85  percent  of  the  state-of- 
the-art  instruments  were  from  1  to  5  years  old,  and  only  3  percent 
were  over  10  years  old. 

About  half  of  all  instrument  systems  actively  in  use 
for  research  were  in  excellent  working  condition.    As  would  be 
expected,  there  is  a  relationship  between  working  condition  and 
age  of  the  instrument.    Thus,  78  percent  of  instruments  from  1 
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to  3  years  old  were  in  excellent  condition;  of  instruments  4  to 
6  years  old,  57  percent  were  in  excellent  condition;  and  of 
those  10  to  12  years  old,  only  26  percent  were  rated  as  excellent 
Accompanying  this  decline  in  operating  condition  with  age  of 
instrument  was  the  "retirement"  of  instruments  as  they  got  older. 
In  the  biological  sciences,  60  percent  of  instruments  that  were 
inactive  (presumably  because  of  mechanical  or  technological 
obsolescence)  were  .over  10  years  old. 

Of  the  state-of-vhe-art  systems,  which  were  relatively 
new,  85  percent  wsre  considered  to  be  in  excellent  condition. 
Only  44  percent  of  those  not  considered  state-of-the-art  were 
in  excellent  condition,  however.    These  "other"  systems  were 
considerably  older  and  they  constituted  nearly  80  percent  of  all 
equipment  in  active  use. 

A  substantial  amount  of  other  than  state-of-the-art 
equipment  is  to  be  expected.    Much  laboratory  research  does  not 
require  the  most  advanced  instrumentation.    A  problem  arises, 
however,  when  investigators  using  jion-state-of-the-art  equipment 
do  not  have  access  to  more  advanced  equipment  when  needed.  This 
problem  was  found  frequently;  nearly  half  of  the  non-state-of- 
the-art  instruments  in  research  use  were  the  most  advanced  instru 
ments  of  their  kind  to  which  users  had  access.    This  situation 
is  an  obstacle  for  investigators  attempting  to  engage  in  more 
sophisticated  research.    The  entire  research  effort  in  the 
biological  sciences  is  hindered  when  problems  such  as  mechan- 
ically unreliable  equipment  and  lack  of  access  to  advanced 
instrumentation  become  prevalent. 
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Funding  of  Equipment  in  Active  Research  use 

Almost  all  research  instruments  (94%)  in  the  biologi- 
cal sciences  and  departments  of  medicine  were  acquired  new. 
Sources  of  funding  were  evenly  split  between  Federal  and  non- 
Federal  sources  for  the  biological  sciences,  but  for  departments 
of  medicine,  nearly  two-thirds  of  ttz  funds  came  from  non-Federal 
sources.    For  private  institutions,  a  larger  ^r^portion  of  equip- 
ment funds  came  from  Federal  sources  than  for  public  ^restitutions. 

NIH  was  the  principal  source  of  Federal  funds  for 
acquisition  of  research  equipment  in  the  biological  and  medical 
sciences,  contributing  44  percent  of  all  funds  for  medical  schools 
and  31  percent  for  graduate  schools.    NSF  was  the  only  other 
significant  Federal  source,  contributing  a  larger  proportion  of 
graduate  school  funds  than  of  medical  school  funds.    The  insti- 
tutions were  the  major  source  of  non-Federal  funds.  State 
governments  and  private  foundations  gave  only  small  amounts  for 
research  equipment.  The  amount  contributed  by  business  and 
industry  for  equipment  was  negligible. 

NIH  funds,  while  accounting  for  38  percent  of  all 
equipment  purchases,  contributed  47  percent  of  the  support  for 
purchases  of  instruments  in  the  $10,000  to  $25,000  range  but 
only  28  percent  of  the  dollar  support  for  existing  equipment 
costing  $75,000  or  more.    Institutions,  nowever,  which  con- 
tributed 37  percent  of  all  funds  for  equipment,  purchased  31 
percent  of  the  instruments  costing  under  $25,000  and  41  percent 
of  those  costing  $75,000  or  more.    NSF-supported  purchases  for 
equipment  followed  the  same  pattern  as  that  for  institutions. 

Sixty  percent  of  all  biological  science  instruments 
received  full  or  partial  Federal  funding,  compared  to  48  percent 
of  those  in  departments  of  medicine. 
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Location  and  Use  of  Academic  Research  Equipment 

About  65  percent  of  all  equipment  in  the  biological 
sciences  and  70  percent  in  departments  of  medicine  were  located 
in  the  laboratories  of  individual  investigators.    The  remainder 
were  in  inherently  shared-access  facilities,  mostly  department- 
managed  common  laboratories.    Costly  instruments  were  frequently 
located  in  the  inherently  shared-access  facilities;  this  held 
true  to  a  greater  extent  for  graduate  schools  than  for  medical 
schools,  and  for  public  institutions  than  for  private  institu- 
tions.   Older  instruments  were  also  more  likely  to  be  located  in 
inherently  shared-access  facilities. 

The  location  of  most  instruments  within  laboratories 
of  individual  Investigators  did. not  necessarily  mean  that  they 
were  not  shared.    The  mean  number  of  users  of  all  instruments 
was  11  per  instrument.    The  large  majority  of  instrument  systems 
were  available  for  general  purposes,  as  opposed  to  being  dedi- 
cated for  specific  experiments.    For  these  general  purpose  instru- 
ments, the  mean  number  of  users  was  almost  12  per  instrument. 

.About  95 -percent sof  all  instruments  in  the  biological 
sciences  were  used  by  faculty  within  the  same j department,,  and  85 
percent  were  also  used-fty  graduate  students,  medical  students, 
and  postdoctorates  from  the  departments.    Additionally,  36  per- 
cent were  used  by  faculty  from  other  departments  in  the  insti- 
tution.   Visiting  researchers  from  other  universities  and  visiting 
nohacademic  researchers  used  the  more  costly  instruments  far 
more  frequently  than  the  lower .cost  ones;  this  held  true  also 
"for  researchers  from  other  departments  at  the  same  institution. 

The  average  instrument  in  .an  investigator  * s  laboratory 
was  freely  accessible  to  other  research  investigators,  as  evidenced 
by  the  numbers  of  users  and  the  origins  of  users*    From  this 
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observation,  together  with  the  finding,  that  35  percent  of  all 
instruments  were  located  in  facilities  that  are  —  by  their  very 
nature  —  shared-access,  it  is  evident  that  sharing  of  research 
equipment  is  common  in  academic  facilities* 


Maintenance  and  Repair  of  Academic  Research  Equipment 

Only  16  percent  of  departments  in  the  biological  and 
medical  sciences  considered  their  maintenance  and  repair  (M&R) 
facilities  as  excellent*    Nearly  5.0  percent  reported  either 
insufficient  or  nonexistent  facilities.    On  the  whole,  departments 
of'  medicine  were  more  satisfied  with  their  M&R  facilities  than 
were  departments.'  in  the  biological  sciences.    All  departments  of 
medicine  had  such  facilities,  while  18- percent  of  biological 
science  departments  did  not. 

In  kFY  1983,  22.5' cents  were  spent  on  M&R  for  every 
dollar,:  spent  for  .new  equipment.    The  mean  expenditure  per  depart- 
ment for  M&R  was  $30,200.    Nearly  two-thirds  of  this  amount  was 
spent  for  service  contracts  and  field  service  as  needed.  Service 
contracts,  .used  more  frequently  than  any  other  means  of  servicing 
instruments,  cost  an  average  of  $2,300  per  instrument,  compared 
to  $700  per  instrument  for  field  service  and  less  for  university- 
based  M&R  staff  and  research  personnel,  who  sometimes  performed 
this  function.  ■» 

The  amount  spent  per  instrument  for  M&R  rose  after  the 
instrument  became  six  years  old.    While  the  overall  muan  expendi- 
ture per  instrument  was  $1,100,  it  was  $900  for  those  between  1 
and  5  years  old,  and  over  $1,300  for  those  over  5  years  of  age. 
The  mean  M&R  expenditure  for  .instruments  costing  from  $75,000  to 
$1  million,  $6,300,  was  farjsore  than,  the  $700  expended  for  M&R 
for  those  costing  between  $10,000  and  $29,999. 
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Group  Comparisons 

Thus  far,  findings  have  been  summarized  with  respect 
to* topic  areas.    In  addition ,  numerous  differences  have  been 
observed  among  groups  of  institutions,  among  subfields  of  research 
within  the  biological  and  medical  sciences,  and  between  the 
biological  sciences  and  the  other  fields  of  science  encompassed 
in,  the  larger  two-year  study  of  academic  research  equipment. 
These  group  comparisons  are  briefly  summarized  here. 

Differences  Among  Institutions 

(1)  Medical  and  graduate  (nonmedical)  schools.  Levels 
of  investment  in  research  instrumentation  were,  substantially 
higher  for.  medical  schools  than  for  other  academic  institutions. 
Por  all  indices  examined  —  equipment  per  institution,  per  instru- 
ment, per  faculty-level  researcher,  per  .doctoral  degree  awarded  — 
medical  schools  had  larger  instrumentation  investments,  both 
aggregate  and  current,  than  graduate  (nonmedical)  schools. 

(2)  Private  and  public  institutions.    Privately  con- 
trolled institutions  consistently  showed  an  advantage  over  public 
institutions  on  a  number  of  important  dimensions.    Their  research 
instruments  generally  cost  more,  were  newer,  and  were  better 
able  to  meet  research  needs.    Private  institutions. also,  had 
better  maintenance  facilities  and  spent  more  for  maintenance  and 
repair  of  their  instruments. 
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Differences  Among  Subflelds  of  Research  in  the 
Biological  Sciences 

Certain  subfields  of  research  stand  out  from  the  others 
in  some  characteristics.    A  brief  summary  of  major  differences 
follows."* 

*  •       Biochemistry  had  the  largest  number  of  instruments 
costing  over  $10,000* —  nearly  4,500.    It  also  had  a  higher 
proportion  of  instruments  funded  by  Federal  agencies  than  any 
other  subfield. 

•  In  many  respects,  molecular/cellular  biology 
appeared  to'  be  the  best  equipped  research  subfield.    It  had  the 
second  largest  number  of  instruments,  2,900.    In  percentage  of 
instruments  in  excellent  working  condition,  it  ranked  very  high. 

'Department  heads  in  this  discipline  were  more  satisfied  with  the 
quality  of  their  current  instrumentation  than  in  any  other  sub- 
field.    Equipment  expenditures  per  faculty  researcher  in  1983 
exceeded  by  a  large  amount  those  for  all  other  disciplines. 

•  Anatomy  and  pathology  were  two  of  the  smaller 
subfields  in  numbers  of  instruments.    They  had  the  highest  costs 
per  instrument,  $32,000  and  $31,000  respectively.    Both  subfields, 
particularly  anatomy,  also  had  unusually  high  proportions  of 
instruments  over' '10 < years  old  in  active  research  use. 

•  Zoology,  botany,  and  food/nutrition  were  disciplines 
found  almost  entirely  in  nonmedical  subdivisions  of  universities. 
They  were  the  three  subfields  with  the  smallest  numbers  of  instru- 
ments.   Very  high  proportions  of  department  heads  stated  that 
their  staff  could  not  perform  critical  experiments  in  these 
diocifl..-  :s  because  they  lacked  appropriate  inst*.or*  .itation. 
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Food/nutrition  had  the  lowest  cost  per  instrument  ($22,000)  of 
any  subfield,  the  poorest  maintenance,  and  had,  by  far,  the 
lowest  percentage  of  Federal  funding  for  its  equipment. 


Differences  Between  Departments  of  Medicine  and 
Biological  Science  Fields 

Departments  of  medicine,  included  in  the  survey  as  an 
experiment  to  assess  the  feasibility  of  obtaining  instrumentation 
indicators  for  medical  (clinical)  sciences,  apparently  can  pro- 
vide data  on  samples  of  research  instruments  as  easily  as  the 
biological  sciences.    With  respect  to  Department/Facility  Ques- 
tionnaires, however,  it  was  learned  that  some  of  the  larger, 
more  diverse  departments  of  medicine  had  difficulty  in  assembling 
expenditure,  funding  and  needs  data  for  all  the  clinical  fields 
subsumed  within  their  jurisdictions.    A  better  approach  to 
collecting  such  data  might  be  to  go  directly  to  each  of  the 
component  clinical  programs  or  subunits  of  departments  of  medicine. 

For  most  of  the  analyses  performed  in  this  report, 
departments  of .medicine  (and  presumably,  the  clinical  sciences) 
had  somewhat  differert  results  than  the  biological  sciences. 
Departments  of  medicine  apparently  retired  instruments  at  an 
earlier  age  than  did  the  biological  sciences.    Within  medical 
schools,  the  average  <:osts  of  equipment  per  researcher  were 
nearly  twice  as  large  for  the  biological  sciences  as  for  depart- 
ments of  medicine.    This  difference  on  an  index  of  equipment 
intensity  is  probably  a  function  of  the  kinds  of  research  performed 
by  physician-researchers  in  clinical  departments,  compared  with 
those  in  the  basic  biological  sciences.    Whereas  over  half  of 
the  funds  for  purchase  of  equipment  in  the  biological  sciences 
came  from  Federal  agencies,  38  percent  of  equipment  funds  came 
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from  those  sources  for  departments  of  medicine.    The  difference 
was  made  up  by  institutional  funds,  indicating  a  possible  differ* 
ence  in  institutional  resources  between  the  clinical  and 
biological  sciences. 


Differences  Between  Biological  Sciences  and  Other 
Fields  of  Science 

The  biological  sciences  differed  from  the  other  fields 
of  science  addressed  in  the  field  survey.    They  accounted  for  38 
percent  of  the  instruments  in  all  the  fields  surveyed;  the  next 
largest  field  was  the  physical  sciences,  with  25  percent  of  all 
instruments.    The  mean  cost  per  instrument  in  the  biological 
sciences  was  $27,000,  compared  to  $41,000  for  the  physical  sciences 
and  535,000  for  engineering.    Instruments  in  the  biological 
sciences  were  somewhat  older  than  those  in  other  fields,  but 
there  were  proportionately  fewer  instruments  in  the  national 
stock  in  biology  that  were  technologically  or  mechanically 
obsolete.    The  average  instrument  in  the  biological  sciences  was 
used  by  somewhat  fewer  investigators  than  was  the  case  in  other 
fields.    The  funding  pattern  for  the  biological  sciences  was 
unlike  that  for  any  other  field,  because  of  the  prominence  of 
NIH  as  a  funding  source  in  the  biological  sciences:    NIH  directly 
contributed  39  percent  of  the  costs  of  all  academic  instrumentation 
in  this  field. 
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HIGHLIGHTS 


This  .report  presents  findings  from  a  survey  of 
existing  research  instruments  and  instrumentation 
needs  in  biological  science  departments  and  faci- 
lities in  a  national  sample  representative  of  the 
249  .U.S.  universities  and  medical  schools  with 
the  largest  R&D  funding.    The  data- are  part  of  a 
larger  survey  of  academic  research  instrumentation 
in 'all  major  fields .of  science  and  engineering* 
The  survey  focuses  on  instrument  systems  in  the 
$10 , 000  -  $1  million  range. 

As  a  test  of  the  feasibility  of  collecting  data 
for  clinical  fields  as  well  as  for  basic  science 
fields,  medical  school  departments  of  medicine 
were  included  in  the  data  collection.    No  major 
feasibility  or  response  problems  were  encountered 
and  data  from  these  departments  were  included  in 
the  analysis  of  findings. 

At  all  levels  of  data  collection,  from  central 
administration  to  department  heads  to  faculty 
researchers,  response  rates  were  extraordinarily 
high  -r  in  the  95-100  percent  range.    This  excep- 
tional response  appears  to  indicate  high "levels 
of  interest  and  concern  about  the  adequacy  of 
existing  research  equipment. 

Less  than  one  in  five  biological  science  depart- 
ment heads  characterized  the  adequacy  of  their 
current  research  instrumentation  as  "excellent, " 
and  nearly  60*  percent:  reported  that  there  are 
important  subject  areas  in  which  researchers  in 
their  departments  cannot  conduct  critical  experi- 
ments because  of  a  lack  of  necessary  equipment. 

The  1983  national  stock  of  academic  research 
equipment  in  the  biological  sciences  and  depart- 
ments of  medicine  is  estimated  to  have  an  aggre- 
gate original  cost  of  $555  million  and  a  replacement 
cost  (in  constant  1982  dollars)  of  $863  million. 
Per  faculty«*level  researcher,  the  average  amount 
of  equipment  (in  original-cos?:  dollars)  is  $21,200 
per  person. 

Most  items  of  equipment  in  the  1983  national 
stock  were  comparatively  inexpensive.    The  mean 
purchase  cost  per  instrument  system  was  only 
$27,000  in  this  field,  far  lower  than  for  most 
other  major  fields  of  science  and  engineering. 
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The. unit, costs  of  the  most  urgently  needed  research 
equipment,  as  reported  by  biological  science 
department  heads ,  were  also  comparatively  low. 
Many "pf  the  most  frequently  mentioned  items  of 
needed  equipment  had  purchase  costs  of  $30,000  or 
less* 

Only  18  percent  of  instruments  in  the  1983  national 
stock  were  classified  by  their  principal  users  as 
state-of-the-art.    About  that  same  amount  (i.e., 
16  percent  of  the  total  stock)  appeared  to  be 
totally  obsolete  and  no  longer  useful  in  research. 

Of  the  equipment  in  active  research  use  in  1983: 

Half  the  systems  were  in  some  degree  of 
disrepair  (i.e.,  in  less  than  excellent 
working  condition); 

80  percent  were  not  state-of-the-art;  and 

Of  these  latter  instruments,  half  were  the 
most  advanced  instruments  to  which  their 
users  had  access. 

Facilities  for  the  maintenance  and  repair  of 
research  instrumentation  were  characterized  as 
insufficient  or  nonexistent  by  nearly  half  of  the 
department  heads. 

About  22*5  cents  were  spent  for  maintenance  and 
repair  (M&R)  of  research  instruments  in  FY  1983 
for  every  dollar  spent  to  acquire  equipment  in 
that  year.  Most  M&R  was  performed  through  ser- 
vice contract  or  field  services  as  needed.  The 
mean  cost  per  instrument  for  a  service  contract 
was  $2.3000,  compared  to  $700  for  field  service 
and  less  for  service  performed  by  university- 
based  personnel. 

The  mean  expenditure  per  instrument  system  for 
M&R  in  1983  was  $1,100.    It  was  $900  for  instru- 
ments up  to  5  years  old,  but  more  than  $1,300  for 
those  six  years  and  older.    While  an  average  of 
$700  was  spent  for  M&R  on  instruments  with  an 
original  purchase  cost  less  than  $25,000,  $6,300 
was  spent  in  1983  for  an  instrument  cos  ing 
between  $75,000  and  $1  million. 
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Most  equipment  that  was  used 'for  research  in  1983 
was  used  extensively.  The  mean  number  of  users 
per  system  per  year  was  11 ,  and  most  systems  were 
used  by  several  types  of  users  (faculty,,  graduate 
students  %  etc..)  both  from  the  host  department  and 
^from  other  locations.  *       L"  " 

within 'the  general  parameters  of  need/condition/ 
-^obsolescence^  jusY-descfibfeav  private  Institutions 

:Were  typical ly,  sqmewhat^bett;ex  Quipped  than1; 
4  public  institutions:   ,the  research  equipment  in 

private  'institutions'  trended  to  be -newer v  more 
.  costly >.  ffipre  voluminous  and*  in  better  repair  than 

that  in  public' institutions/  Similar  differences, 

-in^avbr  6Z  medical  schools,  were  found  between 
.  medical  schools  and  nonmedical  academic  -institutions. 
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1.  INTRODUCTION 

1.1  Background  of  tho  Survey 

First-rate  research  requires  first-rate  equipment* 
Research  instruments  in  the  biological  and  medical  sciences 
perform  a  .variety  of  functions,  such  as:    sorting  cells*  visual- 
ising tissues *  sequencing' proteins  or  nucleotides,  measuring 
physical  properties ,  and  performing  complex  computations* 
Scientific  instruments  must  be  in  proper  working  condition* 
capable  of  performing  their  functions*  and  possess  the  techno- 
logical capacity  to  obtain  the  kinds  of  data*  quantities  of 
data*  and  the  resolution  of  data  required  by  the  research  prob- 
lems at  the  frontiers  of  present  knowledge*    Lacking  such  instru- 
mentation, investigators  are  either  severely  handicapped  in 
their  ability  to  design  experiments  and  to  collect  data*  or  they 
must  turn  away  from  some  of  the  most  important  problems  of  their 
discipline* 

The  evolution  of  scientific  reseurch  problems  and 
equipment  has  spawned  increasingly  complex  and  expensive  instru- 
mentation*   Replacement  of  obsolete  instruments*  as  well  as 
acquisition  of  instruments  of  totally  new  design  and  capabilities* 
is  fr'^uently  necessary  to  maintain  the  level  of  research  that 
will  keep  the  United  States  at  the  forefront  of  scientific  knowl- 
edge and  technology. 

Many  advances  in  scientific  knowledge  and  in  instru- 
ment technology  have  originated  In  university-based  laboratories 
since  World  War  ll.    However*  since  the  early  1970 *s*  colleges 
and  universities  have  experienced  falling  student  enrollment  and 
rising  costs  in  all  ohases  of  operation*    The  resulting  fiscal 
retrenchments  have  reduced  the  ability  of  institutions  to  fund 
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the  purchase  of  scientific  research  equipment  at  the  very  time 
that  equipment  costs  have  been  rapidly  increasing*  Simulta- 
neously, Federal  support  for  the  purchase  of  equipment  has  been 
declining,1    For  example,  the* National  Institutes  of  Health, 
which  is  the  principal  source  of  support  for  the  biological 
sciences,  has  experienced  a  decline  in  the  percentage  of  research 
grant  and  contr&ct  awards  earmarked  for  the  acquisition  of  re- 
search instruments.    Table  1-1  sjiows  that  the  percentage  of 
research  project  grant  funds  expended  for  permanent  laboratory 
equipment  declined  from  nearly  12  percent  in  1966  to  less  than 
six  percent  by  1974.    Table  1-2  presents  a  inore  recent  time- 
series  showing  the  amount  and  proportion  of  research  and  shared 
instrumentation  program  awards  budgeted  for  equipment.  The 
percentages  vary  from  4.6  percent  in  1975  to  3.7  percent  in 
1984. 

Table  1-1.    Percent  of  NIH  research  project  grant  funds  allocated 
for  permanent  laboratory  equipment,  fiscal  years 
1966-1974* 


Year 

Percent 

1966 

11.7%" 

1967 

11.8 

1068 

9.5 

1969 

7.5 

1970 

5.9 

1971 

6.2 

1972 

6.6 

1973 

4.9 

1974 

5.7 

Includes  the  National  Cancer  Institute,  the  National  institute 
of  General  Medical  Sciences,  and  the  National  Heart  and  Lung 
Institute.    Source:    National  Science  Foundation,  Science 
Indicators,  1974 ,  Table  2-12. 


1-See  Kennedy,  Donald.  Government  Policies  and  the  Cost  of  Doing 
Research?  Science,  1  February  1985,  Vol.  227,  pp.  480-484. 
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Table  1-2.    NIH  equipment  awards,  fiscal  years  1975-198"* 
[Dollars  in  thousands] 


Year 

Dollars  budgeted 
for  equipment 

Percent  of  total 
dollars  awarded 

1975 

$  49 

,693, 

4.6% 

1976 

56 

,673 

3.9 

1977          -      •  ' 

*•    -  58 

>697 

4.3 

1978 

68 

,009 

4.4 

1979 

85 

,161 

4.6 

1980 

79 

,327 

3.8 

1981 

73 

,359 

3.3 

1982 

74 

,657 

3.2 

1983 

89 

,512 

3.4 

1984 

109 

,720 

3.7 

Includes  all  NIH  extramural  research  and  shared  instrument  programs. 
Source:    NIH  internal  document. 


Evidence  has  been  accumulating  that  these  funding 
problems  have  affected  the  quality  of  research  in  universities. 
A  recent  survey  of  16  prestigious  research  universities  revealed 
that  leading  investigators  were  already  experiencing  difficulty 
in  performing  experimental  research  at  the  frontiers  of  their 
fields  because  of  the  lack  of  proper  instrumentation. 2  While 
the  survey  confirmed  other  accounts  of  the  problem,  all  of  the 
evidence  was  anecdotal,  and  a  demand  arose  for  more  comprehensive 
and  objective  data. 

In  recognition  of  the  nred  for  "objective  information 
in  the  area,"  the  House  Committee  on  Science  and  Technology 
recommended  that  the  National  Science  Foundation  "conduct 


Association  of  American  Universities.  The  Scientific  Instru- 
mentation Needs  of  Research  Universities,  Report  to  NSF^  19 B0 
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inventories  of,  and  analyses  of  the  needs  for,  scientific  instru- 
mentation."3   The  resulting  legislation,  when  enacted  and  signed 
into  law,  directed  the  Foundation  to  "develop  indices,  correlates 
or  other  suitable  treasures  or  indicators  of  the  status  of  scien- 
tific instrumentation  in  the  United  States  and  of  the  current 
and  projected  need  for  scientific  and  technological  instrumen- 
tation."4   in  response  to  this  mandate,  the  Foundation  initiated 
a  feasibility  study  in  FY  1980:    (a)  to  design  quantitative 
indicators  of  current  status  and  trends  in  the  stock,  condition, 
utilization  and  needs  for  research  instrumentation  in  academic 
settings,  and  (b)  to  assess  the  availability  of  this  information 
and  determine  the  most  appropriate  data  sources  and  methods  of 
data  collection.    The  advisory  group  for  this  study  included 
representation  from  the  National  institutes  of  Health. 

The  feasibility  study,  conducted  in  the  fall  of  1981 
at  a  national  sample  of  38  colleges  and  universities,  concluded 
that  it  is  feasible  to  obtain  reliable  quantitative  indicators 
of  current  status  and  trends  in  academic  research  instrumenta- 
tion.   The  feasibility  study  final  report  presented  recommenda- 
tions concerning  proposed  data  collection  methodologies  and 
statistical  indicators  to  be  constructed  from  the  resulting 
data.5    Final  specifications  for  the  baseline  national  survey 
were  developed  by  NSF  following  extensive  review  of  tbn  feasi- 
bility study  findings  by  other  Federal  agencies  and  by  university 
scientists  and  research  administrators. 


3House  of  Representatives  Report  No.  96-61  (1979),  p.  30. 

4 An  Act  to  Authorize  Appropriations  for  Activities  for  the  National 
Science  Foundation  for  Fiscal  Year  1980,  and  for  Other  Purposes, 
Public  Law  96-44,  Section  7. 

indicators  of  Scientific  Research  Instrumentation  in  Academic 
Institutions;    A  Feasibility  Study.    Westat,  Inc.,  March  1982. 
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1»2  Overview  of  the  Survey 

The  National  Survey  of  Academic  Research  Instruments 
and  Instrumentation  Needs  calls  for  the  development  of  quanti- 
tative, baseline  indicators  of  the  national  status  and  of  emerging 
trends  in  the  stock,  cost/investment ,  condition,  obsolescence, 
utilization,  and  need  for  major  research  instruments  in  academic 
settings.         ,  . 

This  baseline  survey  was  conducted  in  two  phases. 
Phase  I,  conducted  during  the  1982-83  academic  year  at  a  strati- 
fied probability  sample  of  43  universities,  was  concerned  with 
existing  academic:  .research  instruments  and  instrumentation  needs 
in  the  physical  and  computer  sciences  and  in  engineering.  Phase 
I  was  conducted  entirely  under  NSt  sponsorship.6 

The  National  Institutes  of  Health  joined  the  study  for 
Phase  II,  which  was  conducted  during  the  1983-84  academic  year 
with  the  collection  of  data  for  the  biological,  agricultural, 
and  environmental  sciences.    The  same  sample  of  universities 
that  participated  in  Phase  I  contributed  to  Phase  II.    In  addition, 
a  separately  drawn  sample  of  24  medical  schools  was  added,  under 
NIH  sponsorship,  to  provide  a  comprehensive  picture  of  academic 
instrumentation  in  the  biological  sciences. 

A  limited  study  was  also  undertaken  to  determine  the 
feasibility  of  obtaining  the  same  data  for  medical  (i.e.,  clinical) 
sciences  as  for  the  biological  sciences.    Departments  of  Medicine 
in  the  medical  schools  were  chosen  for  this  purpose.    The  partic- 
ular medical  sciences,  included  in  Departments  of  Medicine  are 


'Academic  Research  Equipment  in  the  Physical  and  Computer  Science 

and  Engineerings    An  Analysis  of  Findings  From  Phase  I  of  the  

National  science  Foundation's  National  .Survey  ojfAcademic  Research 
;"^rumei:ts  *and  Instrumenta'tlcn  Needs.    West  at,  inc.,  December  
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not  consistent  from  one  institution  to  another,  but  include  a 
„ variety  of  clinical  subspecialty  areas.    This  segment  of  the 
.study  is  not  equivalent  to  the  sampling  survey 'done  for  the 

biological  sciences,  since  no  defined  set  of  disciplines  is 

covered,  but  it  can  be  considered  a  case  .study  to -be  evaluated 

for  the  possibility  of  more  formal  investigation. 

In  each  phase,  two  kinds  of  data  were  collected.  First, 
all  departments  and  nondiepartraental  research. facilities  in  appli- 
cable fields  were  asked  to  provide  information  about  the  department 
or  facility  as  a  whole,  particularly  as  regards  research  equipment 
costs  and  needs.    Department/ facility  Heads  provided  this,  infor- 
mation.   Second,  from  equipments  listings  supplied  by  the  university, 
a  sample  of  research  instrument  systems  was  selected  from  each 
department  and  facility;  and  the  principal  investigator  (or 
other  knowledgeable  individual*  was  asked  to  provide  information 
about  the  sampled  instrument's  cost,  age,  condition,  use,  etc.7 
These  latter  data  were  ased  to  construct  quantitative  statistical 
indicators  of  these  variables  for  the  national  stock  of  existing 
academic  research  instruments  in  the  fields  surveyed. 

The  equipment  survey  component  of  each  phase  was 
restricted  to  instrument  systems  with  an  original  purchase  cost 
of  $10,000  to  $1  million.    Systems  above  this  range  are  generally 
well-known  throughout  the  research  and  policymaking  communities 
and  are  individually  subject  to  ongoing "policy  analysis.  The 
lower  limit  was  set  at  $10,000  for  efficient ^survey  coverage. 
According  to  the  feasibility  study,  instruments  priced  at 
$10,000  or  more  accounted  for  over  8  0«  percent  of  the  aggregate 
costs f  but  only  10  to  15  percent  of  the  total  number  of  systems, 


7Until  very  recently,  it  would  not  have  been  feasible  to  obtain 
the  kinds  of  equipment  lists  required  for  the  selection  of 
instrument  samples.    Most  of  the  computerized  university  property 
inventory  systems  that  were  so  useful  in  generating  sampling 
lists  for  the  study  had  come  into  being,  or  had  been  substantially 
upgraded,  within  the  past  1-3  years. 
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of  all  academic  research  instruments  costing  $500  and. over. 
Also,  JLt  was  the  consensus  of\  the  NSF  Interagency  Working  Group 
.advisors  that  individual  pieces  of  equipment  below  $10,000  are 
seldom  .of  critical  importance  in  determining  whether  an  academic 
scientist  or  engineer  is  able  to  pursue  his  or  her  research 
interests.  .  / 

7     «  •  ■  ,  *• 

1»3    t        Objectives  and. Limitations  of  This  Analysis 

*■ '         ,     ~*  ~'  *  * 

(  This  analysis  is  concerned  /primarily  with  the  biolog- 
ical; sciences  in  medical,  schools  and  in  the  nonmedical  components 
of.  colleges  and  universities,  the  latter  being  referred  to  as 
graduate  schools.  Additional  data  are: reported  for  Department? 
of  Medicine  in  the.medical  schools  as  part  of  an  exploration  of 
the  feasibility,  of  obtaining  information  on  instruments  .used  in 
clinical  research. 

The  study  provides  a  baseline  for  measuring  future 
changes  in  instrument  costs,,  quantity,  obsolescence,  condition, 
and  utilization.    It  also  provides,  for  the  first  time,  a  set  of 
quantitative  statistical,  indicators  for  measuring  the'  changes. 
The ^sfati sties , presented  here  function  as  a  snapshot  of  the 
current  status  of  instrumentation  in  academic  settings,  couched 
in  terms  of  the  indicators.    Not  only  do  these  figures  describe 
what  has  been  found  for  1983  in  the,  biological  and  medical 
sciences,  but  they  also  permit  comparisons  with  different  fields 
of  science.    In  addition,  the  most  important  .needs  of  departments 
and  nondepartment  research  facilities  are  summarized  in  general  terras, 
terras. 

While  this  study  offers  the  potential  for  .assessing 
changes  over  time,  that  potential  can  be  realized  only  by  repli- 
cations of  the  survey  at  suitable  periods.    To  a  limited  extent. 
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there  are  some  data  in  the  present  study  that  display  trends  for 
the  last. few  years  of  instrument  acquisition?  these  data  are 
suggestive  of  the  total  picture  but  are  not  definitive,  and  they 
need  determination  from  a  separate  survey. 

This  survey  did  not  collect  informatics  on  the  total 
number,  cost,  and  condition  of  all  equipment  in  academic  research 
settings,  since  .the  instruments  included  were  limited  to  those 
costing;  between* $10,000  and  $1  million.    Moreover,  in  this  study 
no  account  has  been  taken  of  instrumentation  that  may  be  available 
to  at  least  some  university  and  medical  school  investigators  in 
nonacademlc  research  facilities,  a  factor  that  may  influence  the 
need  for  research  instruments. 

The  principal  analytic  objectives  of  the  present 
study  are:    (a)  to  construct  and  examine  a  variety  of  quantitative 
statistical  indicators  of  major  characteristics  of  the  current 
national  stock  of  academic  research  equipment  in  several  fields, 
and  (b)  to  document  differences  among  resear.a  fields  and  among 
types  of  institutions  in  amount,  age,  condition,  obsolescence, 
sharing/usage,  and  perceived  current  needs  for  equipment. 

1.4  Contents  of  This  Report 

This  report  focuses  on  statistical  findings  from  the 
survey  of  the  biological  sciences  and  departments  of  medicine. 
There  are  eight  more  chapters.    Chapter  2  is  a  brief  description 
of  the  survey  methodology  and  of  the  response  rates  for  the 
survey.    Chapters  3  through  9  present  statistical  findings  in 
aach  of  six  broad  topic  areas: 

•       Needs  and  Priorities  for  Research  Equipment: 
Assessments  by  Department  Heads 
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••.  Expenditures  for  Equipment,  FY  1983 

•  The  National  Stock  of  Academic  Research  Equipment 

•  Age  and  Condition  of  Research  Equipment 

•  Funding  of  Equipment  in  Active  Research  Use 

•  Location: 'and  Use  of  Research  Equipment 

•  Maintenance'  and  Repair  . 

Jhapter  10  is  a  summary  of  the  principal  findings  of  the  survey. 
The  appendices  include  a  set  of  comparison  tables  for  all  fields 
of  science  (see  Appendix  A),  offered  so  that  major  results  for 
the  biological  sciences  may  be  compared  with  those  for  all  other 
fields  surveyed  in  Phases  I  and  II.    The  questionnaire  forms 
used  in  the  survey  may  be  found  in  Appendices  B  and  C.  Appendix 
D  lists  the  members  of  the  project's  Phase  II  Advisory  Group, 
and  Appendix  E  presents  infc-'maiton  about  the  statistical  precision 
of  the  major  types  of  national  estimates  derived  from  the  survey 
examples. 
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2. 


METHODOLOGY 


2.1 


Sample  Design 


2.1.1 


Institutions 


2.1.1.1     Graduate  Schools 

The  graduate  school  segment  of  this  study,  perhaps 
more  accurately  termed  the  nonmedical  school  component,  consisted 
of  the  same  set  of  43  institutions  selected  as  the  stratified 
probability  sample  for  the  NSF  Phase  x  study  referenced  previously. 
The  "universe"  from  which  this  sample  was  drawn  constituted  the 
largest  academic  research  and  development  (R&D)  institutions  in 
the  nation:  the  157  nonmedical,  nonmilitary  U.S.  colleges  and 
universities  that  had  $3  million  or  more  in  separately  budgeted 
science  and  engineering  (S/E)  R&D  expenditures  in  any  of  the 
fiscal  years  FY  1977  -  FY  1980. 8    One  of  the  sampled  institu- 
tions, a  .technical  college,  had  no  research  equipment  in  the 
biological  sciences;  therefore,  this  report  was  based  on  data 
collected  from  42  sampled  institutions. 


collectively  account  for  95  percent  of  all  nonmedical  S/E  R&D 
expenditures  reported  to  NSF  for  FY  x980  by  all  U.S.  colleges 
and  universities.    Thus,  although  the  survey  represents  only  a 


Academic  Science  R&D  Funds,  Fiscal  Year  1^80:    Detailed  Statistical 
Tables.    Surveys  of  Science  Resources  Series,  National  Science 
Foundation,  1982  (GPO  Publication  No.  NSF82-300). 


The  157  institutions  in  the  graduate  school  universe 


small  fraction  of  the  nation's  approximately  3,000  post secondary 
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institutions,  it  encompasses  most  institutions  with  significant 
capabilities  fnr  the  kinds  of  advanced  research  that  require 
instrumentation  in  the  $10,000+  range.    Such  capabilities  are 
assumed  to  be  very  limited,  or  nonexistent,  at  most  of  the 
thousands  of  other  U.S.  institutions  of  higher  education  that 
have  been  excluded  from  the  study  universe. 

In  selecting  the  study  sample  of  43  institutions,  the 
probability  of  selection  of  each  institution  in  the  survey  uni- 
verse was  approximately  proportional  to  its  R&D  size,  as  indi- 
cated by  its  FY  1980  nonmedical  S/E  R&D  expenditures,  within 
R&D  size  classes,  the  proportion  of  private  (or  public)  insti- 
tutions in  the  sample  was  approximately  the  same  as  i»  the  nation 
as  a  whole.    The  design  is  summarized  in  Table  2-1. 

Table  2-1.    Institution  sample  design,  graduate  (nonmedical)  school: 


FY  1980  S/E  R&D 
expenditures 

No.  institutions  in  nation 

No.  institutions 

in  sample 

Tc*-al 

Private 

Public 

Total 

Private 

Public 

Total,  all 

institutions 

over  $3  million 

157 

53 

104 

43 

15 

28 

Large  institu- 

tions, total 

38 

11 

27 

23 

7 

16 

Over  $90 

million 

3 

2 

1 

3 

2 

1 

$52.5-589.9 

million 

15 

3 

12 

10 

2 

8 

$33-$52.4 

million 

20 

6 

14 

10 

3 

7 

Smaller  institu- 

tions, total 

119 

42 

77 

20 

8 

12 

million 

30 

11 

19 

10 

4 

6 

$3-$18.9 

million 

BT 

31 

58 

10 

4 

6 
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2.1.1.2     Medical  Schools 

For  the  medical  school  component  o£  the  study,  a  sample 
of  24  medical  schools  was  selected  from  the  universe  of  all 
medical  schools  with  at  least  $3,000,000  in  total  NXH  awards  in 
1982. 9    The  92  schools  in  this  universe  accounted  for  97  percent 
of  all  NIH  awards  made  in  FY  1982  to  U.S.  medical  schools.  For 
the  sample",  six  schools  were  selected  from  each  of  four  strata, 
as  shown  in  Table  2-2. 


Table  2-2.    Institution  sample  design,  medical  schools 


FY  1980  S/E  RID 
expenditures 

No.  institutions  *n  nation 

No.  institutions  in  sample 

Total 

Private 

Public 

Total  j  Private 

Public 

Total,  all 
institution*; 
over  $3  million 

Large  institu- 
tions, total 
Over  $43.6 

million 
$25.0-$4?,.2 
million 

Smaller  institu- 
tions, total 
■$13.5-i54":7 

million 
$3.I-$13.4 
million 

92                40              52             24           10  14 

20                13                7             12            6  6 
8                 6                2              6             4  2 
12                 7                5              6             2  4 

72                27               45             12             4  8 
18                 9                9              6             3  3 
54                18              36              6            1  5 

The  selection  procedure  was  one  that  maximized  overlap 
with  the  original  N5F  institution  sample.    The  probability  of 
selection  of  each  institution  in  the  survey  universe  was  approxi- 
mately proportional  to  its  FY  1982  NIH  award  size. 


^Summary  of  NIH  TV  1982  Extramural  Awards  to  Medical  Schools, 
Internal  document,  National  Institutes  ot  Health. 
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2.1.2  Departments  and  Facilities 

At  each  sampled  graduate  and  medical  school,  the  follow- 
ing departments  and  facilities  vert,  identified  as  candidates  for 
inclusion  in  the  survey:  * 

•  All  academic  departments  in  the  biological  sciences} 

5  All  institutionally  operated,  nondepartmental 
research  or  instrumentation  facilities  in  the 
biological  sciences}  and 

•  Departments  of  medicine  in  the  medical  schools. 

All  departments/facilities  tnat  contained  one  or  more  research 
instrument  syttems  in  the  $10,000  to  $1,000,000  cost  range  were 
asked  to  participate.    A  total  of  195  biological  science 
departments/facilities  in  the  graduate  schools  and  168  in  the 
medical  schools,  in  addition  to  24  departments  of  medicine,  were 
identified  as  "in-scope."    Each  department/facility  was  asked  to 
complete  a  Department/Facility  Questionnaire  concerning  its 
instrumentation-related  expenditur ;s,  needs  and  priorities,  and 
sources  of  funding  support.    (See  Appendix  B. ) 

2.1.3  Research  Instruments 

The  survey.was  limited  to  instrument  systems  that 
(a)  were  used  primarily  for  research  in  1983  or  were  intended 
for  such  use;  and  (b)  originally  cost  $10,000  to  $1,000*000, 
including  the  cost  of  any  separately-purchased,  dedicated  acces- 
sories or  components.    The  sequence  of  steps  taken  at  each 
department/facility  to  obtain  a  sample  of  such  instruments  4s 
described  in  the  following  paragraphs. 
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•  A  preliminary  listing  of  all  $10,000+  items  of 
research  equipment  was  obtained,  usually  from  the  institution' a 
computerized  central  property  inventory  system*    Often,  the  pre- 
liminary lists  were  overly  inclusive,  containing  in  addition  to 
Items  of  research  equipment,  miscellaneous  property  such  as 
laboratory  and  other  furniture,  physical  plant  equipment  (e.g., 
exhaust  hoods,  heating  and  air  conditioning  units)/  field  trans- 
portation equipment  (trucks -or  vans),  secretarial  equipment 
(word  processors,  reproduction  units),  and  t',te  like. 

•  After  preliminary  screening  out  of  entries  that 
ware  unquestionably  inappropriate,  a  random  probability  sample 
of  $10,000+  items  was  selected  from  each  department/facility. 
All  items  costing  $50,000  or  more  were  included  in  the  survey. 
For  items  in  the  $10,000  to  $49,999  range,  sampling  ratea  ranged 
from  100  percent  for  departments/facilities  with  from  1  to  11 
surh  items  d^wn  to  ,a  simple  random  sample  of  14.3  percent  (1/7) 
for  departments/facilities  with  97  or  mora  such  items.  The 
intent  of  this  design  was  to  ensure  adequate  sample  sizes  for 
analysis  without  overburdening  large  departments  and  facilities. 

Across  the  387  eligible  departments/facilities  in  the 
€6  sampled  institutions  (42  graduate  schools  and  24  medical 
schools ),  a  total  of  9,230  equipment  items  were  identified  in 
preliminary  listings;  of  these,  4,555  were  selected  for  the 
survey  sample.    Overall,  the  equipment  sample  included  190  items 
costing  between  $100,000  and  $1,000,000;  452  items  costing 
between  $50,000  and  $99,999;  find  J, 913  itess  in  the  $10,000  to 
$49,999  range. 

•  Por  each  sampled  instrument,  department/facility 
administrators  were  asked  to  arrange  for  the  brief  Instrument 
Data  Sheet  to  be  filled  in  by  the  responsible  principal  investi- 
gator or  other  person  knowledgeable  about  the  instrument's  status, 
cost,  and  condition.    (See  Appendix  C.) 
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2.1.4        Estimation  procedure! 

In  later  chapters,  all  results  are  reported  in  the 
form  of  national  estimates  statistically  weighted  to  represent 
all  applicable  research  departments  and  nondepartmental  research 
facilities  in  the  biological  and  medical  sciences  at  institutions 
in  the  study  universe.    As  noted  earlier,  the  universe  to  which 
survey  estimates  apply  consists  of  the  157  largest  nonmedical 
RiD  universities  in  the  nation  and  the  92  medical  schools  with 
the  largest  total  NZH  awards. 

The  estimation  weights  that  were  applied  to  depart- 
ment/facility questionnaire  data  v*re  not  complex.    Since  all 
applicable  departments  and  facilities  *    a  sample  university 
were  asked  to  participate  in  the  survey  and  since  most  of  them 
actually  did  provide  survey  responses,  the  estimation  weight  for 
each  responding  department  was  simply  the  inverse  of  thfc  selec- 
tion probability  of  the  university  or  medical  school  in  which 
the  department  or  facility  was  located,  multiplied  by  a  small 
nonrtsponse  adjustment  factor. 

Estimation  weights  for  the  survey  of  $10,000  to 
$1,000,000  instruments  were  somewhat  more  intricate.   The  weight 
for  a  completed  instrument  questionnaire  was  the  product  of z 

•  The  university  sampling  weight  —  the  inverse  of 
the  university* s  probability  of  selection: 

•  The  instrument  sampling  weight  —  the  inverse  of 
the  probability  of  selection  of  the  particular 
instrument  from  the  department  or  facility  equip- 
ment list: 

•  An  adjustment  to  the  initial  instrument  sampling 
weight  in  situations  where  the  instrument  was 

part  of  a  larger  system  with  two  or  more  separately 
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listed  components  in  the  $) 0,000  to  $1,000,000 
range  (in  which  case,  the  system  selection  proba- 
bility was    larger  than  the  selection  probability 
for  any  one  component);  and 

•       A  nonresponse  -adjustment,  where  needed. 

Information  about  the  statistical  accuracy  of  national 
estimates  derived  from  the  study  samples  of  departments  and 
instruments  is  presented  in  Appendix  E. 

2.2  Survey  Procedures 

At  each  institution,  all  data  collection  arrangements 
were  handled  by  a  survey  coordinator  appointed,  for  graduate 
schools,  by  the  office  of  the  president  of  the  university  and, 
for  medical  schools,  by  the  dean  o\  the  school.  Typically, 
coordinators  were  themselves  senior  administrators,  such  as 
deans  of  the  graduate  schools  or  vice  presidents  of  research. 
Thee?  individuals  were  responsible  for  identifying  all  the  relevant 
departments  and  facilities;  obtaining  needed  preliminary  lists 
of  equipment)  and  after  equipment  samples  had  been  selected  by 
the  survey  contractor,  arranging  for  the  distribution,  completion, 
and  return  of  survey  questionnaires. 

2.3  Definitions 


The  following  definitions  and  guidelines  are  provided 
tD  assist  the  reader  in  i  *'.ng  the  data  in  this  report. 


7o0 


2.3.1         Field  of  Science 

This  report  is  concerned  with  two  broadly  defined 
fields:     (a)  biological  sciences,  and  (b)  the  clinical  (or  medical) 
sciences,  which  are  represented  by  departments  of  medicine. 
Nationally,  departments  of  medicine  comprise  40  percent  of  faculty 
in  clinical  departments.    Tue  bulk  of  the  data  was  reported 
either  by  department  type  or.  by  subf ield  of  research.  Data 
obtained  from  the  Department/Facility  Questionnaire  were  broken 
out  by  department  type,  based  largely  on  the  name  of  the  depart- 
ment or  facility.    The  analysis  categories  are  shown  in  Exhibit  2-1. 

The  category  of  biology,  general  and  n.e.c.  [not 
elsewhere  classified),  is  a  combination  of  biological  science 
departments  and  facilities  that  do  not  fit  into  any  of  the  other 
classifications.    The  majority- of  these  are  departments  of  general 
(undifferentiated)  biology,  which  are  not  uncommon  in  nonmedical 
schools.    However,  a  few  miscellaneous  medical  school  department 
facilities  conducting  research  in  a  variety  of  biological  science 
fields  (i.e.,  cancer  research  centers  and  other  interdisciplinary 
biomedical  science  research  centers)  are  included  in  this 
classification. 

When  findings  about  instrument  systems  are  based  on 
information  from  the  Instrument  Data  Sheet,  the  data  are  broken 
out  by  subf ield  of  research,  rather  than  by  type  of  department. 
This  is  because  an  instrument  may  be  carried  on  the  inventory  of 
a  department  in  one  discipline  while  actually  being  used  in  a 
discipline  other  than  the  one  implied  by  the  department  name. 
For  example,  many  instruments  assigned  to  departments  of  general 
biology  were  actually  used  for  research  in  biochemistry  or  molec- 
ular biology.    The  Ui  *r  of  the  instrument  was  asked  on  the 
questionnaire  to  list  the  principal  field  of  research  in  which 
the  instrument  was  employed,  and  the  researcher's  description 
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Exhibit  2-1.    Department  types  and  subfields  of  research 
'for  the  biological  and  medical  sciences 

Biochemistry 

Microbiology 

(includes  iraannblogy,  bacteriology ,  virology) 

Molecular/Cellular  Biology 

(includes  genetics,  embryology,  developmental  biology) 

Phys  i  ology/5ioohysics 

,7inatomy 

Pathology 

(excludes  laboratory  medicine,  clinical  pathology, 
clinical  chemistry) 

Pharmacology/Toxicology 

(excludes  clinical  pharmacology) 

Zool cgy/En  t  eraol ogy 

(includes  parasitology) 

Botany 

Food  and  Nutrition 

Biology,  General  and  n.e.c > 

(includes  cancer  research  centers,  interdisciplinary 
biomedical  science  research  facilities) 

Departments  of  Medicine* 

Interdisciplinary,  n.e.c.** 


For  subfields  of  research,  the  designation  is  Medical  Sciences/ 
Departments  of  Medicine,  and  includes  instruments  located  in 
other  departments. 


This  category  is  used  only  for  subfields  of  research;  n.e.c. 
means  not  elsewhere  classified. 
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for  classifying  the  instrument  into  its  subfield  of  research. 
There  were  significant  differences  between  the  number  of  instru- 
ments assigned  to  departments  named  for  a  discipline  and  the  number 
used  in  the  subfield  of  research  carrying  the  name  of  that  discipline. 
One  designation  change  was  necessary  .in  the  parallel  naming  of 
the  two  sets.    Several  subfields  of  medical  sciences  researcn 
were  present  in  most  departments  of  medicine.    Instruments  used 
for  research  in  one  or  another  of  the  medical  sciences  —  most 
of  which  were  located  in  departments  of  medicine  —  were  given  a 
generic  subfield  classification  of  Medical  Sciences/Departments 
of  Medicine.    A  subfield  category  was  also  needed  to  account  for 
a  small  number  of  instrument  systems  that  were  carried  on  the 
inventories  of  departments  in  the  biological  sciences  but  were 
actually  used  in  fields  outside  the  biological  sciences  —  biomedical 
engineering,  chemistry,  etc.    This  subfield  cr.cegory  was  named 
"Interdisciplinary,  n.e.c." 

2.3.2  Institution  Control 

Institutions  were  classified  according  to  the  nature 
of  the  controlling  body;  i.e.,  private  vs.  public  ownership. 

2.3.3  System 

For  purposes  of  data  collection,  an  instrument  system 
was  defined  as  a  sampled  instrument  or  component.,  selected  from 
a  department/facility  property  inventory  list,  plus  any  separately 
acquired  ''add-ons1*  or  components  the*:,  as  of  December  31,  1983, 
were  dedicated  solely  for  use  with  the  sampled  items.  The  instrument 
system  was  the  basic  counting  unit  in  the  equipment  survey,  and 
all  reported  cost  figures  reflected  costs  for  the  full  3ystem  — 


2-10 


753 


'A  the,  base  unit  plus. all  dedicated  accessories.    The  equipment 
survey* was  limited  to  systems  with  an  original  purchase  cost  of 

y  *^f5iorooo  tq, $1,000,000. 

"2.3.4         1983  National  Stock  of  Academic  Research  Equipment 

in  this  report,  tha  "national  stock11  of  academic  re* 
search  equipment  refers,  to. all  instrument  systems  costing  $10,000 
to > 1,000, 000  that,  as  0f  December  31,  1983,  were  physically 
located  at  an  academic  institutional!)  the  survey  universe  and 
were  principally  used  (or  intended  .for  use)  i..  original  scientific 
research  In  one  or  more  of  the  fields  encompassed  by  the  survey. 
The  term  national  stock  includes  systems  .actually  used  for  research 
in  1983  as  wall  as  existing  components /of  nonoperational  systems 
still  under  construction  at  the'  end  of  1983.    Research  systems 
that  were  physically  present  but  inoperable  or  inactive  through- 
out 1983  are  also  included  as  part  oC  the  national  stock. 

2.3.5  Purchase  Cost 

The  purchase  cost  refers  to  the  manufacturer's  list 
price  at  the  time  of  original  purchase  (i.e.,  when  new).  For 
multi-component  systems,  the,  purchase  cost,  is  the  aggregate  list 
price  of  all  components,  and  accessories.    Except  .where  clearly 
specified  otherwise,  all  cost/value/investment  statistics  in 
this  report  refer  to  system  purchase  cost. 

2.3.6  Acquisition  Cost 

In  this  report,  this  is  the  actual  cost  to  acquire  the 
instrument  system  at  the  present  university,  including  trans- 
portation and  construction/labor  costs.    For  used,  discounted, 
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or  rebated  equipment,  it  is  the  price  actually  paid  to  the  seller 
plus  transportation  and  installation  costs;  for  donated,  loaned, 
transferred,  or  surplus  equipment,  it  is  just  the  transportation 
and  installation  costs,  if  any. 

2. 3*.  7         1982  Cost -Equivalent 

This  is  the  original  purchase  cost  converted  to  1982 
dollars  using  the.  Machinery  and  Equipment  Index  of  the  Annual 
Producer  Price  index  (PPI)  to  adjust  for  inflation.  Arith- 
metically, the  value  is  calculated  by  multiplying  the  original 
purchase  cost  by  the  ratio  of  the  1982"  Annual  PPI  for  Machinery 
and  Equipment  to  the  index  for  the  j  ~ar  in  which  the  instrument 
system-was  originally  purchased1  or  constructed. 

2.4  Survey  Response 

In  a  complex,  multistage  survey  such  as  this,  there 
are  several  levels  or  types  of  response  to  consider.    The  first 
level  is  the  institution;  participation  by  the  institution  makes 
possible  all  other  data  collection.    The  next  level  is  the  depart- 
ment, or  ncndepartmental  research  facility,  with  its  response  to 
the  Department/Facility  Questionnaire  addressed  to  the  department 
head.    The  third  level  is  the  faculty  researcher  asked  to  com- 
plete the  instrument  Data  Sheet.    The  final  level  is  the  response 
to  individual  items  on  the  questionnaires,  i.e.  the  percentage 
of  respondents  giving  usable  answers  to  each  item. 
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2.4.1  Institution  Response 

The  rate  of  response  for  institutions  was  100  percent. 
At  each  of  the  24  sampled  medical  schools,  the  deans  promptly 
agreed  to  participate  and  appointed  coordinators,  who  arranged 
for  the  preparation  and  delivery  of  preliminary  equipment  list- 
ings for  all  applicable  departments/facilities  and  subsequently 
arranged  for  the  delivery  and  return  of  survey  materials  to  and 
from  these  departments/facilities,    similarly,  there  was  a  100 
percent  response  rate  among  the  42  sampled  graduate  schools  that 
bad  been  sampled  in  Phase  I  of  the  study. 

2.4.2  Department/Facility  Questionnaires 

Completed  Department/Facility  Questionnaires  were 
receive*  from  95  percent  of  the  department  heads  —  367  of  the 
307  eligible  departmencs  and  facilities.    Table  2-3  reports 
these  returns  in  detail.    Three  of  the  department  categories  had 
a  100  percent  response  rate.    With  the  exception  of  departments 
of  medicine,  91  percent  of  the  questionnaires  were  returned. 
Departments  of  medicine  had  a  response  rate  of  83\percent.    In  a 
few  departments  of  medicine,  the  organizational  structure  was 
such  that  an  overall  response  for  all  the  clinical  subdivisions 
in  those  departments  was  not  feasible.    There  was  essentially 
the  same  response  rate  for  institutions  with  large  R&D  expenditures 
as  for  those  with  small  expenditures.    Depart,  ents  in  private 
institutions,  however,  responded  with  slightly  less  frequency 
than  did  those  in  public  institutions  (90  percent  vs.  97  percent). 
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labia  2- J.   D*f*rt**nt/ facility  aurvay  raaconM  titMt   Biological  and  rtrdical  Sciencaa 


Characteristics 

depar 

Total 
Uean  t/ fee  il  it  iea 

Graduate  school 
drparUent/recll  it  in 

Hedical  scnool 
oeoerUent/recil  it  its 

SMplt 

fUtt 

ftespons? 

Rate 

Saapla 

Ra*pcr*. 

Rata 

Total,  all  doparUent/racilltlas 

biological  sciences,  total 
Biocfteaistry 
Microolology 

Molecular/Cellular  biology 

PTtyaiology/Biophyalc* 

Anatoay 

Pharmacology/Toxicology 
Zool ogy/Cntceel ogy 
Botany 

Food  and  Nutrition 
Biology,  general  end  n.a.c. 
Oepertaanta  of  Hediclna 

Inatltutloi  RjO  Slae  Claaa1 
1  (largest) 
2 
3 

4  (wulltlt) 


363 

.  3*7 

95.6 

195 

190 

97.4 

168 

157 

93.5 

45 

41 

91.1 

23 

21 

91.3 

22 

90.9 

42 

41 

97.6 

19 

19 

100.0 

23 

22 

95.7 

27 

25 

92.6 

14 

13 

92.9 

13 

12 

92.3 

37 

3* 

91.9 

11 

11 

100.0 

26 

23 

84.5 

24 

23 

95.8 

5 

5 

100,0 

19 

18 

94,7 

28 

27 

96.4 

6 

6 

100,0 

22 

21 

?s; 

28 

27 

96,4 

4 

4 

100.0 

24 

95.8 

29 

29 

100.0 

26 

26 

100.0 

3 

3 

100.0 

18 

18 

100.0 

18 

18 

100.0 

22 

22 

100.0 

22 

22 

100.0 

63 

60 

95.2 

47 

45 

95.7 

16 

15 

93.8 

24 

20 

83.3 

24 

20 

83,3 

[aftttutlon  Control 
Print* 
PuoUc 


132 

123 

93. 1 

76 

75 

98.7 

56 

48 

85.7 

98 

93 

94,9 

53 

50 

94.3 

45 

43 

95.6 

96 

94 

97.9 

49 

49 

100.0 

47 

45 

95,7 

61 

57 

9:,.4 

17 

16 

H.I 

44 

41 

93.2 

13* 

121 

90,3 

44 

43 

97.7 

90 

78 

86.7 

253 

246 

97.2 

151 

147 

97.4 

102 

99 

97,1 

'Gradate  school  C  salification  ba**d  on  fY  1980  RID  expenditure*  in  all  fields  encoapesesd  by  turvty:  Mdical 
tcnott  classified  icn, baaed  on  fr  1982  NIK  extradural  award*.  In  both  cases,  ail  institution*  in  the  curvay 
univette  #cre  ranfcad  froa  largaat  to  asalltat  in  R£D  expendlturea/a«ards  and  war  a  than  dividad  into  quart  iiaa 
based  on  cuaulativa  KID.   Category  1  cor»teine  aaaplad  lnatitutiona  free  tha  top  quartila. 
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2*4*3         Instrument  Data  Sheet 

Faculty  researchers  returned  completed  Instrument  Data 
Sheets  for  4,397  instruments,  constituting  97  percent  of  the 
4,555  instruments  in  the  equipment  sample  (see  Table  2-4).  As 
would  be  expected  with  an  overall  response  rate  this  high,  no 
differences  worth  noting  were  found  by  type  of  department,  size 
of  RfcD  expenditures,  institution  control r  cost  of  equipment,  or 
age  ?f  equipment* 

In  Table  2-5  an  analysis  of  the  Instrument  Data  Sheet 
returns  is  shown  by  status,  or  classification  as  to  eligibility 
for  inclusion  in  the  study.    Of  the  4,555  instruments  for  which 
Instrument  Data  Sheevis  were  forwarded,  3,358  were  found  to  be 
actively  in  research  use.    Another  set  of  582  instruments  were 
found  to  be  either  inactive  or  inoperable  throughout  the  year, 
or  nc**~  yet  placed  into  service.    These  two  sets  of  instruments, 
numbering  3,940  or  33.5  percent  of  the  sampler  constituted  the 
national  stock  that  formed  the  basis  for  the  analysis.  An 
additional  457  instruments  were  classified  as  out  of  scope  for 
this  study  for  a  variety  of  reasons.    No  response  was  received 
for  158  instruments.    Refusals  accounted  for  90  of  these  nonre- 
sponses.    For  the  remaining  68,       knowledgeable  person  could  be 
found  to  answer  the  detailed  questions  asked  about  the  instrument, 
e.g.,  the  principal  investigator  was  absent  from  the  institution 
and  no  one  else  was  familiar  with  the  instrument. 


2.4.4        Questionnaire  Item  Response 

Most  questionnaire  items  had  response  rates  close  to 
100  percent.    For  this  reason,  in  most  of  the  tables  in  the  body 
of  this  report,  it  did  not  seem  worthwhile  to  present  a  category 
labeled  "not  ascertained."    Such  a  category  would  usually  have 
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Table  Z-4.    equipment  survey  response  ratea:   Biologic*!  end  Medical  «iences 


Total 

L*aduate  achocl 

Medical  school 

Characteristics 

equipment/it 

see 

equipment/ items 

equipment/items 

Sample 

Response 

Rate 

rteeponse 

Rata 

Sample 

Raaponae 

Rate 

IDIU|  til  o cpir wnw  I K u u ill 

4555 

4397 

96.5 

1984 

1918 

96,7 

Z571 

2479 

96.4 

Departments 

BioloQicel  science*,  tot*l 

4110 

3977 

96.8 

1984 

1918 

96.7 

Z1Z6 

2059 

96.8 

Biochemistry 

600 

57^ 

95.8 

235 

Z(9 

94.4 

315 

306 

97.1 

Microbiology 

397 

370 

«'f 

158 

159 

100.0 

229 

Z1Z 

92.6 

Moleculer/Celluler  biology 

519 

296 

156 

140 

89.7 

163 

156 

95.7 

Physio logy/Biophys ic  i 

419 

403 

962 

99  * 

93 

93.9 

3Z0 

310 

96.9 

Anatomy 

253 

249 

98  '.4 

21 

21 

100.0 

Z3Z 

98.3 

Pathology 

577 

376 

99.7 

37 

37 

100.0 

340 

339 

99.7 

Phs  rmsco  1  og  y  /  T  ox  i  col  ogy 

541 

328 

96.2 

45 

45 

100.0 

296 

Z83 

95.6 

Zoo logy /En toco logy 

231 

97.4 

1?2 

38 

jj 

86.8 

Botany 

172 

163 

94.8 

17* 

163 

94.8 

Food  art  Nutrition 

196 

97.4 

1^6 

191 

97.4 

m 

Biology,  general  and  n.a.c. 

B15 

801 

98.3 

ai 

609 

97.9 

193 

19Z 

99.5 

Oep:ru*ntc  of  Medicine 

445 

420 

94.4 

m 

" 

445 

4Z0 

94.4 

lnatltutlon  fl&O  Sin  Clae*1 

1  (largest) 

1640 

1574 

96.0 

891 

870 

97.6 

749 

704 

94.0 

Z 

1505 

1Z47 

95.6 

578 

543 

93.9 

7Z7 

704 

96.8 

> 

1025 

1000 

97.6 

4Z1 

4:3 

98.1 

604 

537 

97. Z 

«  (smallest) 

585 

576 

98.5 

94 

92 

97.9 

491 

484 

98.6 

Institution  Control 

Private 

1711 

165V 

95.5 

518 

495 

95.6 

1193 

1139 

95.5 

Public 

2S44 

Z763 

97.2 

1466 

1423 

97.1 

1378 

1340 

97. Z 

ltra  Coat  flanqe 

$10,000  -  W9.999 

5915 

3787 

96.8 

1781 

1734 

97.4 

2132 

Z053 

96.3 

$50,000  -  199,99$ 

427 

94,5 

149 

135 

90.6 

303 

Z92 

96.4 

$100,000  -  $999,999 

190 

183 

96.3 

54 

49 

90.7 

136 

134 

98.5 

Hem  Age 

1-5  yaars  (l979-«» 

1957 

1895 

96.8 

902 

878 

97.3 

1055 

1017 

94.4 

6-10  years  (1574-70 

1592 

1288 

96.9 

526 

506 

96. Z 

80> 

78Z 

97.4 

11  yaara  or  sort 

11973  or  bifof) 

1220 

1174 

96.2 

535 

515 

96.3 

685 

659 

96.2 

Not  aacartainri 

49 

40 

81.6 

21 

19 

90.5 

28 

Z1 

75.0 

1 Graduate  echojl  classification  baaed  on  FY  1980  R&O  expenditure*  in  ell  fialde  encompassed  by  *urvey»  sadlcal 
school  class,  fleet ion  based  on  FY  1932  NIH  extramural  awards.    In  both  esses,  ell  institutions  in  the  survoy 
universe  wart  ranked  from  largest  to  email est  in  R&D  expenditure*/ awards  and  were  then  divided  into  quart lies 
based  on  cuealativa  R&D.   Category  1  contains  sampled  Institutions  from  the  top  osrtila. 
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Table  2-5.    Status  of  stapled  equipment  itecs:    Biological  and  Hedical  Sciences 


Graduate 

Medical 

J 

Itm  response  statue 

Total 

schools 

schools 

> 

No. 

Percent 

No. 

Percent 

No. 

Percent 

i 

local,  til  stapled  ltees 

4555 

100.0 

1984 

100.0 

2571 

100.0 

Instruf  tnt/»yste»  In  research  use 

3358 

73.7 

1516 

76.4 

1842 

71.6 

Other  item  in  nsticoal  ttock,  total 

582 

12.B  ' 

237 

12.0 

345 

13.4 

Not  ytt  In  use 

25 

0.5 

11 

0.6 

14 

0.5 

No  longer  In  use:  inactive  or 

inoperable  through  1983 

557 

12.2 

226 

11.4 

331 

12.9 

Out-of-seope,  total 

457 

10.0 

165 

a  t 
a*  j 

at. 

11 .4 

No  longer  present  —  sold,  re rapped, 

treded-Jfl,  cannibal 1 ted,  etc* 

179 

3.9 

67 

3.4 

112 

4.4 

Not  research  equipment  —  teaching, 

offics,  etc.1 

170 

3.7 

61 

3.1 

109 

4.2 

Dedicated  accessory  or  instrument/ 

systea  in  research  use2 

46 

1.0 

14 

0.7 

32 

1.2 

Other,  e.g.,  coat  out  of  range, 

duplicate  listing 

62 

1.4 

23 

1.2 

39 

1.5 

Non response,  total 

158 

3.5 

66 

3.3 

92 

3.6 

Refusal 

90 

2.0 

43 

2.2 

47 

1.8 

Other3 

68 

1.5 

23 

1.2 

45 

1.8 

1To  the  extent  possible,  iteas  in  thio  category  were  edited  fro*  institution  equipment 
listings  prior  to  saapling.   Otherwise,  the  nuaber  end  percent  of  such  it  cats  would 
h=vs  been  larger.  . 


2lnfo«stion  about1  accessories  is  contained  An  the  data  record  for  the  principal 
instrument  or  component  of  the  systea. 

Mother  nonvesponae  was  due  principally  to  unavailability  of  person  knowledgeable  about 
the  instrument  —  ill,  on  sabbatical,  ate. 
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contained  less  than  2  percent  of  all  responses.  Consequently, 
however,  different  tables  dealing  with  the  same  basic  data  (such 
as  the  estimated  total  number  of  instrument  systems  or  the 
estimated  total  cost  of  equipment)  .aay  show  slightly  different 
totals. 

2.4.5         Summary  Statement  *on  Response  ■ 

The  exceptionally  high  response  rates  obtained  in  i.his 
study  suggest  that  the  major  topic  of  the  survey  —  the  adequacy 
of  academic  research  equipment  in  the  biological  and  medical 
sciences  —  is  a  matter  of  widespread  interest  and  concern  at 
all  levels  of  the  academic  research  community,  from  central 
administration  to  front-line  principal  investigators.  Response 
rates  of  the  same  magnitude  were  also  obtained  in  Phase  I  of  the 
study. 

2.5  Data  Collection  for  Departments  of  Mtdicine 

One  objective  of  the  study  vas  to  assess  the  feasibility 
of  applying  the  survey  methodology  to  the  medical  (clinical) 
sciences  in  medical  schools.    From  Table  2-4,  it  appears  that 
instrument  data  could  be  obtained  from  departments  of  medicine 
at  about  the  same  level  of  response  as  was  achieved  from  depart- 
ments in  the  biological  sciences  at  medical  schools. 

However,  departments  of  medicine  had  more  difficulty 
with  the  Department/Facility  Questionnaire.    Four  of  the  24 
departments  of  medicine  in  the  medical  school  sample  did  not 
respond  to  tint  questionnaire  (Table  2-3).    It  was  learned  from 
the  institution  coordinators  that  the  difficulty  lay  with  the 
structure  of  these  departments.    In  at  least  some  medical  schools, 
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departments* of  medicine  are  larqer  and  more  diverse  than  most 
departments  in  the  biological  sciences*    The  several  clinical 
divisions  or  units  that  constitute  departments  of  medicine  in 
those  instances  operate  with  relative  independence.  Information 
about  equipment  expenditures,  funding  "sources,  etc.,  is  often 
not  maintained  for  the  department  .of  medicine  as  a  whole.  Aiso, 
judgments  on  major  departmental  needs  and  priorities  become  too 
difficult  when  so  many  diverse  interests -are  involved.  While 
the  response  to  the  Department/Facilities  Questionnaire  was  a 
"respectable"  83  percent  among  departments  of  medicine,  the 
problem  of  one  person  responding  for  a  number  of  diverse  clinical 
fields  suggests  that  it  might  be  better,  when  seeking  instrumen- 
tation information  for  specific  clinical  sciences,  to  ask  each 
clinical  division  or  unit  head  directly. 

All  things  considered,  however,  the  conclusion  is  that 
it  is  feasible  to  obtain  data  on  the  clinical  sciences  with  the 
survey  methodology  used  for  this  study.    The  data  actually 
obtained  in  the  current  survey,  of "departments  of  medicine,  while 
not  easily  interpreted  in  terms  of  fields  or  subfields  of  science, 
wire  obtained  from  a  nationally  representative  sample  of  such 
departments.    In  this  report,  these  sample  data  have  been  aggre- 
gated to  produce  national  estimates  for  departments  of  medicine 
in  the  same  way  that  all  other  survey  data  were  treated. 

2.6  Treatment  of  Data 

Discussion  of  the  study  results  is  organized  around 
specific  tables,  each  table  being  leased  on  an  item  in  one  of  the 
two  survey  questionnaires.    Most  of  these  tables  follow  the  same 
format.    In  general,  responses  to  questions  on  the  survey  question- 
naires are  broken  out. by  department  type  (in  the  case  of  data 
from  the  Depaa.U«int/Facilities  Questionnaire)  or  by  subfield  of 
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research  (in  the  case  of  data  from  the  Instrument  Data  Sheet). 
These  breakdowns  typically  are  followed  by  two  sets  of  summary 
groupings:     (if  field  and  setting,  which  separates  biological 
sciences  from  the  medical  schools'  departments  of  medicine,  and 
also  divides  biological  sciences  into  graduate  (nonmedical) 
schools  and  medical  schools?  t  A  (2)  institution  control,  which 
separates  private  from  public  institutions* 

It  has  already  been  not«d  that  the  tables  in  subsequent 
chapters  report  results  in  the  foim  of  national  estimates,  statis- 
tically weighted  to  represent  all  departments  in  the  survey 
universe.    Typically,  estimates  are  rounded  to  a  level  of  pre- 
cision judged  appropriate  for  the  particular  table  (e.g. ,  percent- 
ages in  integers,  dollars  in  thousands).    Because  each  estimate 
is  rounded  individually,  numLers  and  percentages  may  not  sum 
exactly  to  the  totals  shown  in  «.  given  table* 

This  analysis  of  the  biological  and  medical  sciences 
is  part  of  a  study  of  larger  scope  which  includes  all  fields  in 
the  physical  and  life  sciences,  engineerir.^,  and  computer  sciences* 
As  a  result,  it  is  possible  to  place  the  biological  sciences  in 
perspective  with  the  other  sciences*    A  few  such  comparison  tables 
arc  included  in  Appendix  A  of  this  report*    Relevant  comparisons 
arc  discussed  in  the  body  of  the  report  with  references  made  to 
the  appropriate  appendix  tables. 
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3.     NEEDS  AND  PRIORITIES  FOR  RESEARCH  EQUIPMENT: 
ASSESSMENT  BY  DEPARTMENT  HEADS 

A  stratified  probability  sample  of  367  biological  and 
medical  science  department  heads  provided  an  overview  of  the 
condition  of  their  research  instrumentation  for  this  study.  The 
selected  department  heads  represented  over  1,200  departments  and 
research  facilities  at  institutions  conducting  95  percent  of  the 
nation's  academic  research  in  the  bioloqical  and  medical  sciences. 
The  assessments  made  by  these  department  heads  constitute  a 
significant  front-line  view  of  the  current  stock  of  instrumenta- 
tion, the  scope  of  maintenance  and  repair  activities  within 
departments,  and  the  nature  of  the  most  pressing  needs  €or  new 
or  replacement  equipment. 


3.1  Adequacy  of  Current  Instrumentation 

A  set  of  questions  was  asked  of  department/facility 
heads  relating  to  adequacy  of  the  instrumentation  in  place 
during  1983.    In  reply  to  a  question  on  whether  there  were 
important  subject  areas  in  which  critical  scientific  experiments 
could  not  be  conducted  in  1983  because  needed  equipment  was 
lacking,  58  percent  of  the  departments/facilities  responded  in 
cv»e  affirmative.     (See  Table  3-1.)    The  percentages  ranged  from 
only  27  percent  in  molecular /cellular  biology  to  about  75  percent 
for  botany  and  general  biology  and  87  percent  for  food/nutrition. 
This  problem  existed  i..  59  percent  of  the  biological  sciences 
departments,  compared  to  41  percent  of  the  departments  of  medi- 
cine.   A  large  difference  appears  for  institution  control,  with 
only  42  percent  of  departments  in  private  institutions  reporting 
such  a  deficiency,  compared  to  65  percent  of  those  in  public 
institutions. 
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TAtU  3-1 

OSPARTRENTS/FACILlTIEf  REPOKTINC  IRPCRTANT  AREAS  IN  WHICH  CRITICAL  EXPERIMENTS 
CANNOT  81  PERPOlWEO  OWE  TO  LACK  OF  NEEOEO  tlUlMEKT»    BIOLOGICAL  AR9  rtOICAL  SCIEKCES 

PERCENT  REPORT INS  INARILITT  TO 


NVMEft  OF  CCXDUCT  CRITICAL  EXPERIKENT9 

DEPARTBENTS/PACILITIES     OUE  TO  LACK  OF  KEEDEO  EtUIPBENT 

TOTAL  121 9  M 
DEPART  rSRTS 

8I0CKENI5TRY*                              -  144                 -  42 

RXCROSICLOCT  131  SO 

ROLECVL AR / CELLVL AR  8I0LOSY  74  27 

PKTSI0LOGY/8IDPHT5IC3  132  36 

A NAT CRT  82  60 

PATHCLOCY  B8  62 

PHAXnACOLOCT/TOlICCLOGT  104  60 

ZOOLOCY/EXTOftOLDCT  69  69 

BUT  A  XT  33  76 

FOOO  ANO  NUTRITION  31  67 

tICLCST.  C ENS PAL  ANO  N.E.C.  210  73 

DSP  AMR  CRTS  OF  REM  CINE  81  41 
PlEtf  ANO  SCTTIKC 

IIOLOCICAL  SCIENCES*  TOTAL  1138  39* 

CRAKJATE  SCKDDLS  3S0  60 

REDXCAL  SCHOOLS  S88  39 

OEPARTRENTS  CF  REOXCIRE  81  41  . 
XRSTITUTIOX  CONTROL 

PRIVATE  379  42 

FWLIC  840  63 
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Relative  to  other  fields  of  science,  departments  in 
the  biological  sciences  reported  less  £requently  that  they  w— e 
unable  to  perform  critical  experiments.    Comparison  Table  A-l  in 
Appendix  A  reveals  that  about  90  percent  of  departments  in  the 
physical  sciences  and  engineering ,  imd  95  percent  of  those  in 
the  computer  sciences,  reportedly  lacked  the  equipment  needed 
for  frontier  experiments  —  in  contrast  to  59  percent  for  the 
biological-  sciences. 

When  asked  to  rate  the  adequacy  of  available  research 
instrumentation  for  tenured  and  untenured  faculty-level  researchers 
(Table  3-2) ,  department  heads  described^  the  current  stock  of 
equipment  as  excellent  for  tenured  faculty  in  only  16  percent  of 
the  departments ,  and  for  untenured  faculty  in  15  percent.  It 
^.was  consideredAin^uf  ficient  in  27  and  33  percent s  of  the  depart- 
ments respectively.    Once  more,  there  were  large  differences  by 
department  type*  with  molecular/cellular  biology  departments 
considering  themselves  better  equipped  than  ary  other  discipline. 
Botany  and  food/nutrition  again  had  the  largest  proportion  of 
departments  reporting  insufficient  instrumentation ,  particularly 
for  untenured  researchers. 


far  less  likely  to  report  insufficient  equipment  (15%  to  38%  for 
tenured  faculty    than  were  similar  departments  in  graduate 
schools.    There  wc    also  a  large  difference  in  response  to  this 
question  in  favor  of  private  institutions ,  with  36  percent  of 
private  school  departments  considering  their  equipment  excellent. 
Only  seven  percent  of  the  public  institutions  considered  their 
equipment  excellent. 

Comparing  the  biological  sciences  with  other  fields  of 
science  (Appendix  Table  A-2)  again  indicates  that,  for  tenured 
faculty,  biology  has  a  more  favorable  assessment  of  existing 


Biological  science  departments  in  medical  schools  were 
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•lOLOClCAl  AW  fgOICAL  tCUNCff 

fftCZHT  OF  H'AXTnHTS/FACllimt 

Asmsttc  ixsiAunmATtM  ataiuiu  to 

Tf MU»t>  fACVlTT  AW  miVALtMT  F.K«  ASI 


TOTAL 

OtFAWiMTI 


KKCtKT  OF  ItFAITfttNTI/FACIllTItl 
ASKtSlNC  IMTAWSHTATICJt  AVAIUlU  TO 
WTtWAt»  MCATT  Ml  MtflVAUMT  F.t.«  All 
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AJMTDKT  too  tt 
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FMAJmACOlOWTOlteOlOCT  100  7 

20OLKT/WTWOLC5T  tOO  7 
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research  equipment  than  any  other  field  except  materials  science. 
The  lower  percentage  of  insufficient  Instrumentation  for  biological 
sciences  as  a  whole,  however,  can  be  traced  tc  the  particularly 
low  proportion  of  medical  school  departments  giving  this  rating. 
Biological  science  departments  located  in  graduate  schools  show 
much  closer  agreement  with  departments  in  the  physical  sciences, 
engineering,  and  computer  science  whe»»  reporting  insufficient 
instrumentation. 


3.2  Priorities  for  Increased  Federal  Support 

Department/facility  heads  were  asked  to  choose  how 
they  would  allocate  increased  Federal  funding  for  research  equip- 
ment from  the  viewpoint  of  investigators  in  their  departments/ 
facilities.    Each  head  was  asked  to  select  one  of  four  options. 
TUfcle  3-3  presents  their  choices.    Overall,  two-thirds  of  depart- 
ment heads  in  the  biological  sciences  and  departments  of  medicine 
identified  instrument  systems  in  the  $10,000  to  $50,000  cost 
range  as  the  top  priority  need  for  their  departments.  Another 
20  percent  selected  systems  costing  between  $50,000  and  $1,000,000. 
Only  12  percent  recommended  increased  funding  for  equipment 
under  $10,000,  and  not  a  single  department/facility  head  chose 
large  scale  facilities  costing  over  $1,000,000.    This  pattern  of 
recommendations  is  a  strong  validation  for  the  decision  to  confine 
the  present  study  to  equipment  in  the  cost  range  of  $10,000  to 
$1,000,000. 

Differences  among  disciplines  are  complex.  Chair- 
persons in  departments  of  microbiology,  pathology,  and  botany, 
showed  a  statistically  "normal"  distribution  of  needs  ranging 
across  all  three  cost  categories,  while  90  percent  of  the  pharma- 
cology departments'  priority  needs  were  concentrated  in  the 
middle  cost  range.    Molecular/cellular  biology  had  the  largest 
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DEPART nEtt  T/F  ACI L I T  T  RECOlttERMTIONI  FO*  UCttMSl  FEWRtt  tVFPOXT  FDR  RESEARCH  iMITtUMtlfTATlOlf 
RIOLOCISAL  A*»  REOtUL  tClERCtS 
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proportion  (31%)  needing  comparatively  expensive  ($50,000  to 
$1,000,000)  systems.    Private  institutions  reported  needs  for 
systems  in  the  $50, 000  to  $1,000,000  range  more  often  than  did 
the  public  institutions  (29%  to  16%). 

Most  fields  of  science  indicated  a  need  for  more  .expen- 
sive equipment  than  was  reported  in  the  biological  sciences 
(Appendix  Table  A-3).    While  20  percent  of  departments  in  the 
biological  sciences  professed  a  need  for  systems  in  the  $50,000 
to  $1,000,000  cost  range,  36  percent  of  those  in.  the  environmental 
sciences  and  43  percent  in  the  physical  sciences  reported  needing 
equipment  in  that  price  range.    Conversely,  the  biological  sciences 
and  agriculture  were  the  only  *ields  with  an  appreciable  number 
of  departments  describing  their  top  priority  as  laboratory  equip- 
ment costing  less  than  $10,000. 


3.3  Types  of  Instrumentation  Host  Urgently  Needed 

Department/f ability  heads  were  asked  to  list  up  to 
three  pieces  of  research  equipment  costing  between  $10,000  and 
$1  million  that  were  most  urgently  needed.    They  were  also  asked 
to  indicate  the  approximate  cost  of  each  piece  of  equipment. 
Responses  were  classified  according  to  a  typology  developed  for 
this  study  by  a  team  of  NIH  scientists, 10  and  they  were  then 
^  statistically  weighted  to  reflect  all  biological  science  and 
medicine  departments  represented  by  responding  departments  in 
the  sample.    Table  3-4  shows  the  resulting  response  frequencies 
for  each  instrument  type.    It  also  presents  the  mean  and  median 
costs  for  each  instrument  type.    Perhaps  the  most  striking  finding 
in  this  table  is  that  the  research  instruments  most  urgently 


W.  Sue  Badman,  Ph.D.,  Marvin  Cassman,  Ph.D.,  and  Rachel  Levinson 
developed  the  study  typology. 
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Bt 

300 

43.000 

RUCLEAR  RACMET1C  RESONANCE  (NMR) 

*  III 

314 

765 

230.000 

LIGHT  RlCROSCOfT 

128 

41 

103 

21.000 

CELL  SORTERS 

!24 

138 

too 

140.000 

RASS  SPECTROSCOPY  (RS) 

11 

178 

300 

10.000 

I RACE  ARALYZERS 

77 

77 

300 

38.000 

X-RAY 

23 

184 

800 

f 3.000 

CLINICAL  DEVICES  (£3 

23 

134 

000 

20.000 

RI8CELLAXECU3 

132 

31 

OOO 

30.000 

til  DAYA  ARE  RATIONAL  ESTI RATES  SAEXD  ON 

LI8YIRS8 

Of  UP  TO  THREE 

TOP-PRIORITY  ME EOS.  A8  REPORTED  8Y  THE  STUDY  SAHPLC  Of  3*7  DEPARTMENTS. 
TOTAL  NUMBER  OF  RESUESTS  IS  t27. 

123  SARRLE  CONSISTS  Of  ONLY  SEVEN  ITERS.  ORE  Of  WHICH  MAO  AN  VROSALLY  HIGH  COST 
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needed  in  the  biological  sciences  and  departments  of  medicine 
are,  for  the  most, part,  comparatively  inexpensive.    Even  though 
cost  was  not  a  factor  as  department  heads  constructed  their 
"wish  lists,"  the  overall  median  cost  of  most  urgently  needed 
instruments  was  only  $40,000.    The  most  frequently  cited  type  of 
needed  equipment,  "preparative  instruments,"  had  a  median  cost 
of  only  $29,500.     "Big-ticket"  items,  those  with  a  median  cost 
above  $100>000,  were  mentioned  comparatively  infrequently: 
electron  microscopes  (359  of  3,203  mentions),  cell  sorters  (124 
mentions),  and  NMR  spectrometers  (111  mentions). 

Departments  varied  considerably  in  the  level  of  cost 
of  the  equipment  on  their  "wish  lists."    (See  Table  3-5.)  For 
departments  of  Microbiology,  physiology/biophysics,  pharmacology/ 
toxicology,  and  food/nutrition,  70  percent  or  more  of  the  top 
priority  instruments  cost  less  than  $60,000.    For  departments  of 
anatomy  and  medicine,  on  the  other  hand,  about  50  percent  cost 
more  than  $60,000. 

Table  3-6  shows  the  types  of  research  instruments 
needed  most  by  departments  in  different  fields.    For  this  analysis, 
the  14  types  of* equipment  were  consolidated  into  7  categories  by 
combining  instrument  types  with  similar  functions.    The  HPLC  and 
preparatory  ins;rutnent  category,  which  had  the  least  expensive 
and  the  greatest  number  of  items  listed,  was  especially  prevalent 
for  departments  of,  microbiology  (50  percent  of  all  items  identified) 
and  pharmacology/ toxicology  (52  percent).    Most  types  of  departments 
had  a  peak  frequency  in  this  category,  but  also  had  secondary 
peaks  in  other  categories  unique  to  the  discipline  represented 
by  the  department.    Departments  of  anatomy  were  an  exception, 
with  a  peak  (38  percent  of  the  top  priority  equipment)  in  the 
relatively  costly  category  of  electron  microscopy. 
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TAtlC  3*3 

OJSTRIMT  :0«  OF  ESTIMATED  COSTS  FOR  nOST  URGENTLY  NEEDED  RESEARCH  INSTRUMENTS*  II  OEPARWENTi 
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38 
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44 

23 

33 

40 
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7Z 

UZ 
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24 

62 
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43 

16 
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UZ 
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26 
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20 

20 

48 
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26 
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8 
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34 
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27 

42 

23 

30  . 

13 
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!3Z 
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81 
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MJ  DATA  ARC  NATIONAL  C8TlnATCS  BASED  ON  LIST lr€S  OF  \)f  TO  THREE  TOP-PRIORITY  KEEDSi  At  REPORTED  1 
THE  STUDY  SAW.E  OF  367  DEPART  RENTS.  TOTAL  HUMER  OF  REQUESTS  IN  THE  SAMPLE  IS  127. 
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79 
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3.4  Sunnary 

Department  heads  in  the  biological  sciences  and  in 
departments  of  medicine  varied  by  discipline  in  the  degree  to 
which  they  considered  presently  available  equipment  adequate  for 
current  rosearch  needs.    Overall ,  over  half  reported  that  critical 
experiments  in  their  disciplines  could  not  be  performed  because 
suitable  instrumentation  was*  not  available.    While  about  one- 
fourth  of  all  departments  considered  their  instrumentation  for 
tenured  faculty  researchers  to  be  insufficient,  in  some  disci- 
plines the  percentage  was  much  higher.    A  larger  proportion  of 
insufficient  instrumentation  was  reported  for  nontenured  research- 
ers.   On  both  of  the:,e  adequacy  parameters ,  private  institutions 
reported  more  favorable  conditions  than  public  institutions,  by 
wide  margins. 

There  was  a  marked  need  in  the  biological  and  medical 
sciences  for  upgrading/expansion  of  equipment  in  the  $10,000  to 
$50,000  cost  range,  with  some  disciplines  also  expressing  a  need 
for  more  expensive  items  ranging  from  $50,000  to  $1,000,000. 

Compared  to  those  in  other  fields,  biological  science 
departments  appeared  to  judge  themselves  as  lei  s  severely  impaired 
by  lack  of  equipment  needed  to  perform  critical  experiments  and 
by  insufficient  instrumentation  for  investigators  to  conduct 
research  in  their  major  interests.    In  the  latter  instance, 
however,  only  the  medical  schools  had  this  advantage,  for  biology 
departments  in  the  graduate  schools  closely  resembled  departments 
in  other  graduate  school  fields  on  the  degree  of  perceived  insuf- 
ficiency of  current  instrumentation.    Concerning  priority  needs 
for  equipment  in  different  cost  ranges  (when  compared  to  other 
fields  of  science),  the  biological  sciences  in  both  graduate  and 
medical  schools  were  more  likely  to  need  systems  in  the  $10,000 
to  $50,000  category.    They  were  correspor   ;ngly  less  likely  to 
need  instrumentation  costing  more  than  that. 

• 
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The  types  of  research  equipment  that  were  most  needed, 


according  to  department  heads,  were  predominantly  below  $75,000 
in  cost,  although  there  was  considerable  variation  among 
departments  on  cost  distribution.    The  most  common  need  across 
departments  was  for  instruments  in  the  preparative  or  HPLC 
category,  and  these  were  the  least  costly  of  the  needed  instrument 
types.    The  remainder  of  their  instrument  needs  were  unique  to 
each  department. 
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4.    EXPENDITURES  FOR  RESEARCH  EQUIPMENT ,  FY  1983 

Current  expenditures  for  scientific  research  equipment 
are  one  indicator  of  the  economic  well-being  of  the  scientific 


dollars  spent  per  faulty-level  researcher ,  and  per  institution  — 
permits  comparisons  of  relative  funding  among  various  groups  of 
institutions  and  ot!  er  areas  of  interest.    When  comparable  data 
are  obtained  for  future  years,  trends  in  expenditure  rates  can 
be  monitored. 

4.1  Department  Expenditures  for  Instrumentation 

Table  4-1  presents  information  on  FY  1983  department/ 
facility  instrumentation-related  expenditures  in  three  categories: 

(1)  purchase  of  research  equipment  costing  $500  or  more; 

(2)  purchase  of  research-related  computer  services,  where  separate 
charges  are  incurred  for  this  purpose?  and  (3)  maintenance  and 
repair  of  research  equipment.    Nearly  three-fourths  of  all 
instrumentation-related  expenditures  are  used  to  purchase  equip- 
ment, with  the  rest  being  almost  evenly  divided  between  the  cost 

of  purchased  computer  services  and  maintenance  and  repair  expenses. 
The  greatest  variation  among  departments  occurs  in  the  percentage 
of  total  instrumentation  expenditures  for  purchases  of  computer 
services.    Several  types  of  departments  are  much  heavier  purchasers 
of  computer  services  than  others.    Aside  from  any  computers  used 
within  the  departments  that  do  not  practice  separate  billing, 
departments  of  molecular/cellular  biology  spent  27  percent  of 
their  instrumentation  funds  for  services  from  institutional  or 
other  computing  facilities.    A  similar  proportion  was  spent  by 
food/nutrition,  and  .almost  as  much  by  pathology.    Departments  of 
anatomy,  biochemistry,  and  microbiology  were  the  least  likely  to 
purchase  computer  services  from  outside  the  departments. 


enterprise.    Analyzing  expenditures  by  appropriate  units  — 
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Amounting  to  one-sixth  of  total  instrumentation  expendi- 
tures in  1983,  funds  spent  for  equipment  maintenance  and  repair 
were  an  important  component  of  the  total,  investment  in  instru- 
mentation. ,  These  expenditures  are  well  worth  tracking  over  time 
to  detect  trends  and, any  relationship  to  equipment  performance* 

In  the  field  and  setting  breakout,  departments  of 
medicine  spent  a  much  smaller  proportion  of  their  instrumentation 
funds  on  computer  services  and  maintenance  than  did  biological 
science  departments  located  in  either  graduate  or  medical  schools. 
There  were  no  noteworthy  differences  between  private  and  public 
institutions. 

4.2  Equipment  Expenditures  per  Research  Investigator  and 

per  Institution 

Department/facility  heads  were  also  asked  how  many 
faculty-level  researchers  were  employed  in  their  departments 
that  year.    Table  4-2  presents,  by  department  type,  survey  find- 
ings concerning  numbers  of  faculty-level  researchers,  the  dollars 
spent  on  research  equipment  (previously  shown  in  Table  4-1),  and 
the  unit  values  —  dollars  spent  in  1.983  per  faculty-level 
researcher  and  per  institution. 

A  cautionary  note:    the  only  source  used  for  numbers 
of  faculty  and  research  equipment  expenditures  in  FY  1983  was 
information  provided  by  departments*    While  the  department  is 
usually  the  principal  base  for  research  in  a  discipline,  many  of 
the  members  of  a  department  may  be  engaged  in  research  in  sub- 
fields  outside  that  discipline.    For  example,  some  members  of  a 
department  of  microbiology  may  actually  be  engaged  in  research 
in  the  subfields  of  biochemistry  or  molecular  biology.  Therefore, 
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the  numbers  given  within  departments  for  researchers  and  equipment 
expenditures  db\no.t  necessarily  indicate  the,  figures  applicable 
'to  the  various  <:subfields.  of  research* 

*:With- this  reservation/  it  is  still  useful  to  examine 
indicators  ».of  relative. -funding  for  research  equipment  in  different 
types  of  departments.    Overall,  FY  1983  expenditures  were  $5,900 
per  faculty-level  researcher.    Except  .for  molecular/cellular 
biology,  which  had  an  extraordinary  level  of  expenditures  of 
$21,800  per  researcher,  the  expenditure  ratio  among  departments 
ranged  from  $3,900  for  patHology  to  $8,600' for  biochemistry. 

The  larger  institution-level  groupings  in  Table  4-2 
eliminate  the  interpretive  ambiguities  noted  for  the  department- 
level  statistics,  since  assuming  the  expenditures  and  numbers  of 
researchers  for  all  departments  is  equivalent  to  the  summations 
for  all  subfields  of  research*    For  FY  1983,  the  research  equip- 
ment expenditures  per  researcher  in  the  biological  sciences 
exceeded  by  a  large  amount  those  of  departments  of  medicine: 
$6,500  to  $4,100  per  person.    It  was  also  observed  that  the  92 
departments  of  medicine  had  an  average  of  69.4  faculty-level 
researchers  per  department,  larger  than  the  average  per  depart- 
ment of  21.2  for  all  1,255  departments  represented  in  the  study. 
In  the  clinical  fields,  physician/researchers  must  allocate 
their  time  to  patient  care  and  residency  teaching  as  well  as 
research.    This  may  contribute  to  a  research  environment  in 
departments  of  medicine  that  is  not  comparable  to  that  in  the 
biological  sciences. 

Excluding  departments  of  medicine,  medical  schools  had 
nearly  twice  as  many  researchers  per  institution  as  graduate 
schools,  115.2  to  61.5,  and  medical  schools  outspent  graduate 
schools  by  $7,600  to  -$5,400  on  new  research  equipment  in  FY  1983 
per  researcher.    Medical  schools  also  had  nearly  twice  as  many 
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researchers  per  institution  as  graduate  schools,  115.2  to  61.5. 
Per  institution,  medical  schools  spent  about  two  and  a  half 
times  as  much  as  graduate  schools  for  research  equipmsnt  in  FY 
1983. 

Private  schools  spent  nearly  twice  as  much  for  research 
equipment  per  researcher  as  public  institutions.  Expenditures 
per  institution  for  private 'schools  were  $744,100,  compared  to 
$570,500  for  public  institutions. 

4.3  Summary 

In  the  biological  sciences  and  in  departments  of  medicine, 
instrumentation-related  expenditures  accounted  for  about  $223 
million  in  FY  1983.    Nearly  three-fourths  went  for  purchase  of 
research  equipment  costing  $500  and  up,  with  one-sixth  going  for 
maintenance  and  repair.    Purchase  of  computer-related  services 
showed  the  widest  variation  among  departments. 

Expenditures  for  research  equipment  in  FY  1983  were 
analyzed  on  a  per  capita  and  per  institution  basis.    For  all 
departments,  the  expenditure  rate  was  $5,900  per  faculty-level 
researcher.    However,  for  departments  of  molecular/cellular 
biology,  expenditures  per  researcher  were  $21,800,  far  greater 
than  those  for  other  types  of  departments.    Apparently,  there 
was  a  large  influx  of  money  into  this  field  in  FY  1983. 

Medical  schools  in  general  had  higher  expenditures  for 
research  equipment  than  graduate  schools  within  the  biological 
sciences.    Expenditures  per  researcher  were  40  percent  higher  in 
medical  schools,  and  medical  schools  spent  two  and  a  half  times 
more  than  graduate  schools,  per  institution,  for  research  equipment 
in  FY  1983. 
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Private  institutions  spent  nearly  *-wice  as  much  per 
researcher  and  30  percent  more  per  institution  than  did  institutions 
under  public  control. 
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5.     THE  NATIONAL  STOCK  OF  ACADEMIC  RESEARCH  EQUIPMENT 

A  major  objective  of  this  survey  is  to  provide  baseline 
estimates  for  the  numbers  and  costs  of  instrument  systems  devoted 
to  research  in  the  nation's  universities  and  medical  schools. 
This  chapter  also  provides  estimates  for  the  proportions  of 
instrument  systems  considered  state-of-the-art  and  obsolete,  and 
unit  costs  of  existing  equipment  per  researcher,  doctoral  degree 
granted,  and  institution. 

These  estimates  are  important  indicators  of  the  current 
national  stock  of  academic  scientific  research  equipment. 
Furthermore,  as  a  baseline  against  which  future  changes  can  be 
measured,  they  will  be  the  initial  points  for  determining  trends 
in  the  status  of  academic  research  equipment. 

The  format  of  the  tables  around  which  discussion  will 
be  organized  is  that  appropriate   to  subfields  of  research.  The 
data  were  obtained  from  the  Instrument  Data  Sheet  of  the  survey, 
rather  than  from  the  Department/Facility  Questionnaire  used  for 
the  two  preceding  chapters.    Each  instrument  was  classified 
according  to  the  subfield  o£  scientific  research  in  which  it  was 
employed,  rather  than  according  to  the  department  that  carried 
it  on  inventory. 

5.1      t      Number  and  Cost  of  Instrument  Systems 

Table  5-1  shows  the  numbers  of  instrument  systems  for 
graduate  schools  and  medical  schools.    Between  the  two  settings, 
there  are  over  21,000  systems.    However,  medical  schools  have 
more  than  twice  as  many  systems  as  graduate  schools. 
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TAP IE  3-1 

AHOVNT  0?  ACADZK'C  fiESEARCH  Eft'JIPttNT,  BY  SETTING 

Instrument  systems  in  »?E3  natirnal  stock*  biological  and  medical  science? 

— — NVMBSR  AK9  PERCENT  OF  SYSTEMS  

 -SETTING  


CRALVCE  MEDICAL 
TrTAS.  SCHOOLS  SCHOOLS 

TOTAL                                                       2U85  7015  1446? 

IO0Z  IOCS  1001 

SVBFIELD  OF  RESEARCH 

BIOCHEMISTRY                                        4479  .543  2936 

211  221  201 

MICROBIOLOGY                                      1640  533  1107 

8X  81  8Z 

MOLECULAR/CELLULAR  BIOLOGY                  2943  1460  1483 

14Z  ?11  101 

PHYSIOLOGY/BIOPHYSICS                          2720  734  1986 

I3X  IOX  MX 

ANATOMY                                                   538  79  ^St 

3*  1Z  31 

PATHOLOGY                                             1014    '  6?  945 

SZ  IX  7X 

PHARMACOLOGY/TO! 1C0L0GY                      20E9  186  1903 

IOX  3Z  13Z 

ZOOlOGY/ENTOrOLOCY                                SOI  328  173 

2X  3X  |X 

BOTANY                                                     469  447  22 

2Z  4Z 

FOOD  AND  NUTRITION                                410  393  18 

2Z  6X 

BIOLOGY t  GENERAL  AND  N.E.C.                 1656  1103  353 

8Z  16Z  4Z 

MEDICAL  SCIENCES/DEPTS  RED                 2836  37  2779 

13X  1Z  I9X 

INTERDISCIPLINARY*  N.E.C.                     191  84  j07 

II  IZ  1Z 

INSTITUTION  CONTROL 

PRIVATE                                                  7180  2204  4976 

33Z  3IZ  3*1 

PUBLIC                                                1 4305  4812  9493 

67 Z  69X  661 
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The  number  of  instrument  systems  in  the  various  sub- 
fields  of  research  ranged  widely,  with  a  larger  number  in  bio- 
chemistry than  in  any  other  subfield  —  almost  4,500  (21  percent 
of  all  instrument  systems).    The  subfields  of  botany,  zoology, 
and  fcod/nutrition,  found  almost  exclusively  in  graduate  schools 
and  anatomy,  a  medical  school  subfield,  had  relatively  few  sys- 
tems.   Five  of  the  larger  subfields  —  biochemistry,  micro- 
biology, molecular/cellular  biology,  physiology/biophysics,  and 
general  biology  —  had  significant  representation  in  both 
settings.    Instrument  systems  used  in  pathology,  pharmacology, 
and  medical  sciences  were  located  almost  entirely  in  medical 


Turning  to  the  aggregate  purchase  costs  of  equipment 
shown  in  Table  5-2,  the  original  purchase  cost  for  all  $10,000+ 
equipment  in  the  biological  sciences  and  departments  of  medicine 
was  about  $555  million.    The  dollar  value  (aggregate  purchase 
cost)  of  existing  equipment  in  the  fields  surveyed  was  twice  as 
great  in  medical  schools  as  in  non-medical  schools.    Using  the 
Kachinery  and  Equipment  Index  of  the  annual  Producer  Price 
Index,  these  costs  were  converted  into  constant  1982  dollars. 
The  total  cost  was  estimated  at  $863  million.    The  variation  of 
aggregate  costs  among  the  subfields  approximates  that  found  for 
numbers  of  instruments* 

Appendix  Table  A-4  provides  the  numbers  of  instrument 
systems  and  their  costs  for  all  fields  of  research.    Of  all 
instruments  found  in  both  Phase  I  and  Phase  II  of  the  study,  the 
biological  sciences  accounted  for  38  percent  —  more  than  any 
other  field.    In  aggregate  costs  biology  was  second  by  a  small 
amount  to  the  physical  sciences,  although  the  latter  possessed 
only  25  percent  of  the  instrument  systems.    The  field  with  the 
third  largest  number_of  systems  was  engineering,  with  20  percent 
all  other  fields  had  between  2  and  6  percent  of  the  instrument 
systems. 
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a;;r:gatc  cost  or  acaoenc  research  ebuipkent,  by  setting 

instruct  system  in  ms  national  stock*  biological  aw  rEoical  sciences 

tOOLLARS  IN  nlLLJOKS) 

COST  Of  SySTERS  AND  PERCENT  OF  COST- 
 SETTING-  


TOTAL 

GRADUATE 

SCHOOLS 

nEDlCAL 

SCHOOLS 

COST  IN 

COST  IN 

COST  IN 

ORIGINAL 

CONSTANT 

ORIGINAL 

CONSTANT 

ORIGINAL 

CONSTANT 

PURCHASE 

If  82 

PURCHASE 

lf82 

PURCHASE 

1982 

COST 

DOLLARS 

COST 

DOLLARS 

COST 

D0LLA3S 

- 

TOTAL 

•533.7 

•643.4 

•173.3 

•272.2 

•380.4 

•391.4 

100X 

1001 

I90X 

100X 

100X 

100X 

SVSriELD  OF  RESEARCH 

HOCHtNlSTRY 

104.3 

158.9 

34.9 

33.9 

67.4 

103.0 

m 

18X 

21X 

2  OX 

iex 

18X 

niCRODlOLOCY 

40.6 

44.1 

12.6 

20.7 

26.0 

43.3 

71 

71 

7X 

ex 

7X 

7X 

H  OLE  C  V.  A  R/ CELLULAR  810L0CY 

04.3 

124.8 

38.6 

38.3 

43.9 

66.3 

131 

141 

22X 

21X 

12X 

UX 

PHYS10LOCY/MDPHYC1CS 

73.9 

112.0 

18.1 

28.8 

33.7 

83.2 

131 

131 

1DX 

MX 

13X 

141 

ANATOlY 

17.4 

31.7 

2.1 

3.7 

13.4 

27.9 

31 

4X 

IX 

IX 

IX 

3X 

pathology 

31. S 

33.9 

2.1 

3.8 

29.4 

30.2 

LI 

tl 

IX 

IX 

ex 

ex 

rHARKACOlOCY/TOUCDLOCY 

46. e 

69.0 

3.6 

3.2 

43.1 

63.8 

IX 

ex 

2X 

2X 

UX 

UX 

ZOOLOSY/ENTOnOLOCY 

13.1 

20.6 

7.3 

11 .9 

3.8 

6.7 

21 

2X 

4X 

41 

2X 

IX 

BOTANY 

11.4 

16.3 

10.3 

13.2 

1.1 

1.1 

21 

2X 

6X 

6X 

FOOD  AND  NUTRITION 

8.1 

13.3 

8.3 

12.9 

.4 

.3 

21 

Zl 

3X 

3X 

SIOLOCY.  GENERAL  AND  N.E.C. 

47.3 

82.2 

31.0 

32.4 

16.3 

2f.e 

lot 

1GX 

m 

4X 

3X 

nEDlCAl  SCIENCES/OErTS  n£0 

69.1 

107.2 

1.0 

1.3 

68.1 

106.0 

121 

121 

IX 

iex 

iex 

INTERDISCIPLINARY.  N.E.C. 

6.6 

9.3 

2.9 

3.6 

3.9 

3.3 

IX 

IX 

2X 

IX 

IX 

IX 

institution  control 

PRIVATE 

203.8 

211.4 

38.7 

84.0 

143.1 

213.4 

37X 

33X 

33X 

31X 

38X 

36X 

PVtLlC 

331.9 

364.2 

116.6 

188.2 

233.3 

376.0 

£3: 

63X 

67X 

69X 

62X 

64X 
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Overall,  about  three-fourths  of  existing  research 
instruments  in  the  survey  cost  range  fell  *n  the  $10,000  to 
$24,999  range,  and  only, five  percent  cost  $75,000  or  more  (Table 
5-3)*   The  cost  pattern  varied  considerably  among  the  subfields, 
however*    More  than  75  percent  of  the  instruments  in  biochemistry, 
microbiology,  pharmacology,  botany,  and  medical  sciences  were  in 
the  lowest  cost  category,    The  other  subfields  ranged  downward 
to  a  low  o*f  55  percent  for  anatomy*    A  difference  was  also  found 
between  the  biological  sciences  (72  percent  in  the  lowest  cost 
group)  and  departments  of  medicine  (78  percent  in  that  group). 

The  di?tribution  of  aggregate  purchase  costs  among  the 
cost  categories  (Table  5-4)  indicated  that  the  5  percent  of  all 
instruments  costing  $75,000  or  more  actually  consumed  24  percent 
of  all  the  money  spent  on  major  equipment  purchases*  Private 
institutions  had  32  percent  in  the  upper  cost  category,  compared 
to  20  percent  for  public  institutions* 

With  the  exception  of  agriculture,  all  other  fields  of 
science  had  a  higher  proportion  of  systems  costing  $75,000  or 
more  than  did  biology  (see  Appendix  "able  A-5)*    For  the  physical 
sciences,  47  percent  were  in  this  groiip,  and  for  engineering  40 
percent*    Computer  science  had  57  percent,  with  materials  science 
and  the  environmental  sciences  having  almost  as  much* 

5.2  Unit  Costs 

With  varying  numbers  of  instruments  and  users  in  the 
different  institutions  and  subfields  of  research,  it  is  useful  to 
examine  aggregate  instrumentation  costs  in  terms  of  units,  auch 
as  the  number  of  instrument  systems,  the  number  of  researchers, 
and  the  number  of  doctoral  degrees  awarded  within  a  subfield* 
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IISTRISVTION  Of  ACCXtCATC  COST!  OF  ACAOtRIC  RJSIARC*  CtVtmCCTf  IT  IT  STIR  COST  MWCX 
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TOTAL 

MO. 000- 

i24. m 

•23,000- 
•74.9Y9 

•73,000- 
%l ,000,000 

TOTAL 

•344.1 

•243.0 

•114.4 

4)134.4 

toox 

in 

33t 

24X 

svtrttiJ  or  xniAxcN 

SIOCtttftlfTRY 

104,1 

3S.A 

32.4 

14.9 

toox 

33t 

311 

14X 

H ICR 08 IDIOCY 

40.9 

1Y.7 

12.1 

1.3 

toot 

in 

3IX 

2IX 

NOLICVlAR/CtlltR>AR  HQIOGY 

•  4.1 

30.0 

33.0 

21.7 

toox 

331 

371 

24X 

PKTSIOLOCV/tlOPMTlICS 

74  .Y 

30.3 

24.0 

22.3 

100X 

3YX 

311 

2Tt 

ANATORY 

17.7 

4.3 

9.2 

4.2 

100X 

24X 

3ft 

24X 

PATHOLOGY 

31 ,4 

Y.I 

12  7 

toox 

in 

101 

311 

PnARRACOLOCY/TOXtCOLOCV 

41.0 

23.4 

13.7 

S.S 

IOOX 

331 

2VX 
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lOOLOCf/tMOHflUCl 

13.1 

3.4 

4.2 

3.3 

IOOX 
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m 

271 

SOT  ANY 

11.4 

3.9 

2.1 
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toot 

SIX 
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4tX 
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17.9 

loot 

471 

271 

24X 

iNTtRSltClftlKARVr  N.t.C. 

A.I 

1.1 

2.0 

3.0 

IOOX 

241 

in 

•  31 

Hill  AS9  UTTJW 

S10LDC1CAL  SCItRCZSf  TOTAL 

4AY.I 

194.9 

13S.3 

114.4 

IOOX 

421 

3IS 

IIJ 

WAJVATt  SCHOOLS 

177.  A 

77.3 

42.0 

31.1 

loot 

44X 

331 

III 

KS1CAL  SCKOOLS 

2Y2.2 

119.4 

94.4 

74.3 

100X 

4 IX 

331 

lit 

BCFARTnarrs  or  heoicim 

Y4.3 

44.1 

24.2 

22.0 

1001 

Aft 

2S1 

231 

1WTJTVT1W  CONTROL 

PRIVATE  — 

20Y.3 

7Y.0 

43.7 

44.9 

toot 

38t 

301 

321 

rustic 

334.5 

144.1 

120.9 

49.4 

loot 

44X 

34X 

20X 

5-7 


ERLC 


795 


790 


Table  5-5  shows  mean  purchase  costs  per  institution  and 
per  instrument  system.    Overall,  the  dollar  cost  of  the  current 
instrumentation  inventory  in  medical  schools  is  nearly  four  times 
as  large  per  institution  as  it  is  in  graduate  schools.    In  this 
table,  medical  school  totals  include  the  aggregate  cost*  of 
instrumentation  in  departments  of  medicine,  so  the  aggregate  cost 
per  institution  for  only  the  biological  sciences  in  medical 
schools  would  be  $3,176,000* —  about  three  times  the  mean  amount 
per  graduate  school.    This  difference  is  about  the  same  as  that 
noted  earlier  i..  analyses  of  FY  1983  equipment  expenditures  (see 
Table  4-2). 

For  most  subfields  (except  those  located  almost  entirely 
outside  medical  schools  —  botany,  general  biology,  etc),  the 
average  dollar  amount  of  research  equipment  per  institution  was 
substantially  higher  in  medical  schools  than  in  other  academic 
institutions.    Public  institutions,  primarily  because  they  were 
larger  and  contained  more  departments,  had  slightly  larger  dollar 
amounts  of  research  equipment  per  institution  than  private  schools. 

Turning  to  mean  costs  per  instrument  system,  there  was 
a  notable  difference  between  medical  and  graduate  schools,  with 
medical  schools  having  invested  about  $1,000  more  per  instrument 
system  on  the  average.    The  difference  appeared  consistently 
among  the  subfields  as  well.    In  private  institutions  the  average 
system  cost  $29,200,  considerably  more  than  the  $24,800  cost 
found  in  public  institutions. 

The  mean  cost  of  instrument  systems  in  t-he  biological 
sciences  can  be  compared  with  mean  instrument  costs  for  other 
fields  of  science  (see  Appendix  Table  A-4).    The  mean  for  bio- 
logical sciences  ($27,000)  was  the  lowest  for  any  field  except 
agriculture.  „ Computer  science  had  the  highest  mean  cost,  $54,000. 
Costs  for  environmental  sciences  averaged  $47,000,  and  the  mean 
was  $41,000  for  the  physical  sciences. 
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TAStS  8-3 

MEAN  AGGREGATE  ORIGINAL  PURCHASE  COST  OF  ACADEMIC  RESEARCH  E8UIPHENT  PER 
IKSTI7VTIW  AWD  PER  IKSTRWEKT  SYSTEM .  BY  BETTING 

INSTRUMENT  SYSTEMS  IK  ltB3  KATIOXH  STOCK!  BIOLOGICAL  AXS  MEDICAL  SCIENCES 

tKEAN  COST  DOLLARS  IK  THOUSANDS 3 

COST  PER  COST  PER 

INSTITUTION  MSTRUHENT  SYSTEM 

GRADUATE  MEDICAL  GRADUATE  MEDICAL 
SCHOOLS        SCHOOLS        SCHOOLS  SCHOOLS 

TOTAL     _  *;.II6.6       M i 133.0  $25.0  *26.3 

SVBFlELD  OF  RESEARCH 


BIOCHEMISTRY 

233.? 

732.2 

23.? 

23.0 

niCROIIOLOCY 

Bl  .7 

303.? 

24.0 

25.3 

MOLECULAR /CELLULAR  BIOLOGY 

245.0 

4TB. T 

26.4 

31.0 

PHYSIOLOGY /BIOPHYSICS 

IIS. 4 

605.8 

24.7 

28.0 

ANATOMY 

13.1 

166.? 

26.6 

33.6 

PATHOLOGY 

13.1 

31?. B 

30.4 

31.1 

PHARMACOLOGY/TOXICOLOGY 

24.0 

468.1 

20.4 

22.6 

zoology/Entomology 

46.4 

63.4 

22.3 

33.5 

BOTANY 

65. 7 

11.? 

23.0 

• 

FOOD  AMD  NUTRITION 

S3.? 

4.3 

21.6 

t 

BIOLOGY,  GENERAL  AXD  N.E.C. 

If  7. 3 

mil 

28.1 

29.3 

MEDICAL  SC1EHCEB/DEPTS  l£D 

6.3 

740.6 

17.5 

24.5 

IKTERD1SC1PLIKARY.  H.E.C. 

1B.4 

42.2 

34.5 

36.4 

'INSTITUTION  CONTROL 

PRIVATE 

1.107.4 

3.628.6 

26.6 

2?. 2 

PUBLIC 

I. 121. 4 

4.524.6 

24.2 

24.6 

•  NUMBER  OF  CASES  IK  THE  UNDERLYING  SAMPLE  HAS  INSUFFICIENT  FOR  A  RELIABLE  ESTIMATE. 
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Since  the  amount  of  research  activity  in  the  several 
biological  science  subfields  varies  considerably,  numerical  com- 
parisons among  the  subfields  are  dominated  by  the  relative  "size" 
of  the  enterprise,    in  an  attempt  to  normalize  between-subf ield 
comparisons,  instrument  numbers  and  costs  were  calculated  per 
researcher  and  per  doctoral  student.    The  resulting  ratios  are 
only  indices  and  do  not  represent  actual  one-time  costs  per 
researcher-  or  per  degree  awarded. 

In  Table  5-6,  mean  aggregate  costs  of  existing  instru- 
ment systems  per  researcher  and  per  doctoral  degree  awarded  are 
shown  by  field  and  setting  and  by  institution  control.  The 
numbers  of  researchers  and  doctoral  degrees  are  also  shown  in 
Table  5-6.    The  overall  mean  aggregate  cost  of  equipment  per 
researcher  was  $21,00*0.    There    was  a  sizable  difference  in  the 
biological  sciences,  however,  between  medical  schools  (where  the 
mean  is  $27,600  per  researcher),  and  graduate  schools  (with  a 
mean  of  $13,400  per  researcher).  For  private  institutions  the 
cost  per  researcher  was  $25,000,  while  for  public  institutions  it 
was  $19,400. 

These  aggregate  equipment  costs  per  researcher  may  be 
compared  with  the  analogous  FY  1983  expenditures  shown  in  Table  4-2. 
The  ratio  of  aggregate  equipment  cost  per  researcher  for  medical 
schools  to  graduate  schools  is  1.5;  for  1983  equipment  expenditures, 
the  ratio  is  1.41.    The  corresponding  ratios  for  private  institutions 
to  public  institutions  are  1.29  for  aggregate  equipment  costs  and 
1.69  for  1983  equipment  expenditures.    Another  comparison  is  the 
ratio  of  the  biological  sciences  in  medical  schools  to  departments 
of  medicine.    For  aggregate  equipment  costs  that  ratio  is  1.86; 
it  is  1.85  for  1983  equipment  expenditures. 
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Tame  s-* 

REAK  AGGREGATE  PURCHASE  COST  CF  ACADEHIC  RESEARCH  E  BUI  PRE  NT  PER  DOCTORAL 
DECREE  AUAROED  AND  PER  FACULTY-LEVEL  RESEARCHER 

INSTRUMENT  SYSTEMS  JK  IVB3  NATIONAL  STOCKS  BIOLOGICAL  AND  MEDICAL  SCIENCES 


tHEAN  COST  DOLLARS  IN  THOUSANDS] 
DOCTORAL  DECREES  II) 


FACULTY-LEVEL 
RESEARCHERS  IS) 


NURBER 

COST "PER 
DECREE 

NUnBER 

COST  PER 
RESEARCHER 

TOTAL 

3.273 

$172.2 

26.633 

121. 2 

FIELD  AND  SETT INC 

BIOLOGICAL  SCIENCES.  TOTAL 

3.273 

143.3 

20 t 248 

23.2 

GRADUATE  SCHOOLS 

1.745 

71.3 

«:i34 

18.4 

REDICAL  SCHOOLS 

1.32? 

217.7 

10.374 

27.6 

DEPARTMENTS  OF  NED! CINE 

6.386 

14.8 

INSTITUTION  CONTROL 

PRIVATE 

717 

228.0 

8.366 

23.0 

PUBLIC 

2.362 

130.1 

IB. 268 

17.4 

II)  RESEARCH  DOCTORATES  AWARDED  DUX] KG  1722-83  8Y  DEPARTMENTS  IN  THE 
GRADUATE  AND  RED1CAL  SCHOOLS  OF  THE  SURVEY  UNIVERSE.  AS  REPORTED  BY 
DEPART RENT  HEADS. 

123  NUMBER  Or  FACULTY  AND  EQUIVALENT  NON-FACULTY  RESEARCHERS  1 FULL-TIRE 
AND  PART-TIRE)  WHO  PARTICIPATE  IN  ONGOIKC  RESEARCH  PROJECTS  AND  WHO  ARE 
RERBERS  OF  THE  DEPARTMENTS  OF  THE  GRADUATE  AND  RED1CAL  SCHOOLS  IN  THE 
SURVEY  UH1VERSE.  AS  REPORTED  BY  DEPARTMENT  HEADS. 
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Of  course,  the'  expenditures  for  1983  are  reflected  in 
the  aggregate  equipment  costs.    The  1983  numbers,  however,  are 
the  latest  available  single  year  estimates  of  level  of  investment 
in  research  instrumentation  for  the  institutions  and  fields  repre- 
sented in  this  survey,  while  aggregate  costs  are  an  accumulation 
of  more  than  15  years  of  equipment  investments.    There  is  a  notable 
consistency  in  the  patterns  these  two  sets  of  statistics  follow, 
suggesting  that  current  expenditure  levels  are  generally  consistent 
with  long-range  historical  trends.    However,  for  the  comparison 
of  private  and  public  institutions,  the  ratios  show  a  wider  gap 
for  1983  equipment  expenditures  than  for  the  long  term  aggregate 
costs.    While  this  is  an  observation  for  only  cne  year,  this 
finding  suggests  that  the  long-standing  gap  in  equipment  expendi- 
tures between  private  and  public  institutions  may  be  increasing. 

The  average  dollar  amount  of  instrumentation  per  doc- 
toral degree  awarded  in  the  biological  sciences  was  $143,500. 
Biological  science  departments  in  medical  schools  had  a  far  higher 
mean  per  degree  than  did  graduate  schools,  $219,860  to  $91,300. 
Since  departments  of  medicine  do  not  award  doctoral  degrees,  this 
statistic  is  not  applicable  to  them.    Private  institutions1  mean 
amount  of  equipme  t  per  degree  was  $228,000,  compared  to  $150,000 
for  public  institutions. 

The  dollar  amount  of  research  equipment  per  doctoral 
degree  can  be  estimated  for  each  subfield,  but  it  is  necessary  to 
consult  another  source  for  the  denominator  -data.    The  National 
Research  Council  conducts  an  annual  survey  of  doctorate  recipi- 
ents and  reports  not  only  by  broad  discipline,  but  also  by  fine 
field  within  disciplines.11    By  grouping  the  data  for  the  fine 


Summary  Report  1983,  Doctorate  Recipients  from  United  States 
Universities,  Office  of  Scientific  and  Engineering  Personnel. 
National  Research  Council,  National  Academy  Press,  1983,  p. 47. 
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,fields  to  correspond,  to  the  subfield ^categories  used  in  this 
study,    it;  was  possible, J:o >  compute  the  mean  dollar  amount  of 
research  .eguipment^per ^doctor,al. decree,  by  subfield*    To  smooth 
.out  theeffects  of .annual  fluctuations,  especially  for  subfields 
with  small  numbers  of.  degrees,  the  mean  annual  number  of  doctorates 
awarded,  averaged  ovexTthe  four-year  period,  1980  to  1983,  was 
used  as1  the  denominator* in  the  calculations* 

Table  5-7  shows  that  the  annual  number  of  doctoral 
..degrees,  3,864,  is  larger  than  the  3,281.  found  earlier,  from  the 
data  reported  by  department  heads.    The  dif f erenceuresults 
primarily  from  the  larger  base  of  institutions,^ rora^ which  the 
National  Research  Council  (NRC)  collected  its  data.    While  the 
base  of  institutions,  for  this;,  study  was  the  249  universities  and 
medical  schools  that  collectively  spend  95vper,cent  of  the  nation's 
R&D  funds,  NRC  used  all  doctorate-granting  institutions.  The 
aggregate  costs  of  instrument  systems  per  doctoral  degree  awarded 
for  biological  sciences  as  a  whole  becomes  $121,60,0  by  this 
measure.  ,  .  4# , 

The  subfields "of  research  varied  widely  in  instrument 
costs  per  degree  awarded.    The  four  ..subfields  that : are  .almost 
entirely  located  in  graduate  schools  —  zoology,  botany,  food/ 
nutrition,  and  general  biology  —  were  far  lower  in  mean  dollar 
amount  of  research  equipment  per  degree  than  the  other  subfields. 
At  the  upper  end  was  pathology  (largely  a  medical  school  field) 
with  a  mean  .of  $310,000  of  equipment  per  degree.  Molecular/ 
cellular  biology,  physiology/biophysics,  biochemistry,  and 
pharmacology  also  had  means  of  over  $160,000  in  research  equip- 
ment per  degree.    The  remaining  fields  had  substantially  lower 
amounts  of  equipment  per  degree  than  those  mentioned. 
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TAILS  3-7 

AVERAGE  NVRBER  OF  DOCTORATES  ANARDEO  ANNUALLY  FRtffl  If 80  TO  1 983  AND 

aggregate  iintKtmxtrr  costs  rtit  seme 

INSTRtmSNT  SYSTEM  IN  1983  NATIONAL  STOCKl  BIOLOGICAL  ARB  fSDlCAL  SCIENCES 
tDOLLARS  IK  TWVSAKDS3  * 


NURSE*  OF 
DOCTORAL 
DEGREES  U  ) 


INSTRUMENT 
COST.  Ft  It 
SECRIEtE) 


PIOLOSICAL  SCIENCES.  TOTAL 
BV8FIEU  OF  RCIEAftCM 

SIOCKEftlSTRY 

mcrosidloct 

-nm.Eor.Ax/aiLw.AK  siolosv 

*    FKYSiaOSY/SlOFKYSICS    "  " 

ANAYORY  - 

FAYKOLOCY 
'   PHARKACOLOCY/YOt IC0L3CY 

lOOLOCY/ENTOnOLOCV 
"  80TAKY 

FOOT  AND  NUTRITION 

SiDLCGY,  GENERAL  MO  N.E.C. 


633 
493 
43*4 
401 
Ut 
102 

m 

*06 

819 

3U 


U0.3 
84.3 
193.4 
191.8 
184.4 
309.8 
176.3 
30.0 
33.3 
48.9 
93.3 


113  SOURCE  OF  DATA  I  SVIWARY  REFORY  1983.  DOCTORATE  RECIPIENTS  FRO*  UNITES 
STATES  UNIVERSITIES.  OFFICE  OF  SCIENTIFIC  4*9  ENGINEERING  PERSONNEL. 
NATIONAL  RESEARCH  COUNCIL.  NATIONAL  ACADENY  PRESS.  1983.  p.47. 

18  J"  ACCRICAYE  ORIGINAL  fURCKASE. COT. 
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5»3  State-of-the-Art  and  Obsolete  Instrument  Systems 

State-of-the-art  instruments  constituted  18  percent  of 
all  biological  and  medical  science1  instruments  in  the  1983 
national  stock  of* academic  research  equipment  (see  Table  5-8). 
Other  instruments  in  research  use  in  1983  accounted  for  an 
additional  65  percent  of  the  national  stock,  so  that  a  total  of 
83  percent  of  all  instrument  systems  in  the  national  stock  were 
in  active  research  use  in  1983. 

The  remainder  of  the  national  stock  consisted  of  a 
negligible  number  (less  than  one  percent)  of  systems  waiting  to 
be  put  into  service  and  16  percent  that  were  no  longer  in  use 
although  they  were  still  physically  present  at  their  respective 
institutions.    The  instruments  in  the  latter  group  were, 
presumably,  technologically  obsolete  and/or  mechanically 
inoperable. 

As  compared  to  public  institutions,  private  institu- 
tions have  proportionately  more  state-of-the-art  research 
equipment  (23%  of  the  private  school  national  stock  vs.  16%  of 
the  public  school  national  stock).    For  the  most  part,  however, 
there  are  remarkably  few  differences  between  institutions  or 
subfields  in  the  research  status  of  the  current  stock  of 
research  equipment. 

Table  5-9  reveals  that  the  i8  percent  of  instruments 
classified  as  state-of-the-art  were  responsible  for  25  percent 
of  the  aggregate  cost  of  all  equipment  in  the  national  stock? 
these  instruments  had  a  mean  cost  of  $36,200  per  system,  other 
instruments  in  research  use  averaged  $24,700  per  system,  and 
those  no  longer  in  research  use  averaged  $21,100.    Means  were 
calculated  by  dividing  aggregate  costs  in  Table  5-9  by  numbers 
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of  systems  from  Table  5-8.    These  average  costs  oust  be  inter- 
preted with  some  caution,  however,  for  state-of-the-art  instru- 
ments were  acquired  almost  entirely  within  the  last  five  years, 
as  will  be  shown  in  the  following  chapter  on  Age  and  Condition 
of  Equipment.    Other  instruments  still  in  research  use  had  a 
much  broader  spread  of  acquisition  dates,  while  the  majority  of 
those  no  longer  in  research  use  were  over  10  years  old.  Infla- 
tion was  a  significant  factor  over  this  period  of  time,  and 
expenditures  for  instruments  in  each  of  these  research  status 
categories  wttre  affected  differently  by  inflation. 

Among  subfields,  there  were  substantial  differences  in 
mean  costs  of  state-of-the-art  systems.    General  biology* s  state- 
of-the-art  instruments  cost  an  average  of  $49,200,  and  those  for 
molecular/cellular  biology  cost  an  average  of  $41,500.  Those 
with  the  least  expensive  state-of-the-art  instruments  were  food/ 
nutrition  ($27,300)  and  medical  sciences  ($30,300).    The  mean 
cost  of  state-of-the-art  instruments  in  biochemistry,  the  sub- 
field  with  the  largest  number  of  items,  was  $32,100. 

Private  institutions  again  showed  a  bias  toward  more 
expensive  equipment,  with  a  state-of-the-art  average  of  $39,800, 
as  compared  to  a  $33,600  average  for  public  institutions. 


5.4  Summary 

There  were  over  21,000  instrument  systems,  with  an  esti- 
mated aggregate  original  purchase  cost  of  $555  million,  in  the 
biological  sciences  and  departments  of  medicine  encompassed  by 
this  survey.    The    cost  of  these  instrument  systems  in  constant 
1982  dollars  was  estimated  to  be  $863  million.    The  largest  single 
subfield  of  the  biological  sciences,    with  nearly  4,500  instru- 
ments in  the  $10,000  to  $1  million  cost  range,  was  biochemistry. 
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The  biological  sciences  had  more  instrument  systems  th. 
any  other  field  of  science  surveyed,  38  percent.    The  physical 
sciences  had  25  percent  of  all  systems,  but  their  aggregate  cost 
was  slightly  greater  than  that  for  the  biological  sciences.  The 
mean  cost  per  instrument  system  for  biological  sciences  was 
$27,0p0,  the  lowest  .for  any  field  of  science  except  agriculture. 
By  comparison,  the  average  cost  per  instrument  for  physical 
sciences  was  $41,000*  t 

About  five  percent  of  all  instruments  included  in  the 
study  had  an  original  purchase  cost  between  $75,000  and 
$1  million?  however,  these  accounted  for  about  one-fourth  of  the 
aggregate  cost  of  all  extant  research  instrument  systems  costing 
over  $10,000.    Almost  three-fourths  of  the  systems  cost  between 
$10,000  and  ?24,999. 

Medical  schools  spent  three  times  as  much  per  institu- 
tion for  instrumentation  in  biological  sciences  as  graduate 
schools.    The  mean  dollar  amount  of  equipment  per  researcher  for 
the  biological  sciences,  about  $21,000  overall,  was  about  50 
percent  higher  for  medical  schools  than  for  graduate  schools. 
For  departments  of  medicine  the  cost  per  researcher  was  lower, 
about  $15,000.    This,  apparently,  was  reflective  of  the  excep- 
tionally large  numbers  of  faculty-level  researchers  associated 
with  departments  of  medicine.    Private  institutions  had  higher 
instrument  investments  per  researcher  than  public  institutions. 
The  levels  of  the  differences  found  for  aggregate  cost  of  equip- 
ment per  researcher  and  per  institution  closely  paralleled  those 
found  in  Chapter  4  for  FY  1983  equipment  expenditures.  Appar- 
ently, there  is  a  consistency  over  time  in  relative  expenditures 
for  these  groups. 

During  1982-83  the  mean  dollar  amount  of  research 
instrumentation  per  doctoral  degree  awarded  in  the  biological 
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sciences  was  $143, 500 •    However,  for  nodical  schools  the  mean  was 
$220,000,  compared  to  $91,000  for  graduate  schools.  Private 
institutions  also  had  somewhat  highar  costs  per  doctoral  degree 
awarded  than  public  institutions. 

State-of-the-art  instruments  constituted  18  percent  of 
the  national  stock,  while  instruments  that  were  not  state-of-the- 
art  but  were  in  active  research  use  accounted  for  another  65 
percent  of  the  national  stock.    Another  16  percent  were  no  longer 
in  active  use,  apparently  because  of  technological  obsolescence 
or  mechanical  disrepair. 

Statu-of-the-art  instruments  cost,  on  the  average,  over 
$36,000  per  instrument,  but  other  instruments  that  were  in  active 
use  (and  were  usually  purchased  earlier)  cost  a  little  less  than 
$25,000  per  instrument.    There  was  also  a  difference  in  mean  cost 
for  state-of-the-art  instruments  in  favor  of  private  institutions 
over  public  institutions,  about  $40,000  to  about  $34,000. 
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6.    AGE  AND  CONDITION  OF  RESEARCH,  EQUIPMENT-  * 

The  age  and  operating  condition  of  research  instrumen- 
tation available  -to  the'  nation's  academic  researchers  has  been 
the  subject  of  many,  anecdojtal  reports,  and  it  has  been  a  major 
subject  of  inquiry  in  -the  present  survey* 

It  was  disclosed  in  the  preceding  chapter  (Table  5-8) 
that,  for  the  biological  sciences  and  departments  of  medicine  as 
a  whole,  16  .percent  of  the  1983  national  stock  of  academic 
research  instrumentation  was  not  used  at  all  during  the  year, 
apparently  because  of  mechanical  oi  technological  obsolescence. 
A  few  new  instruments    were  still  being  prepared  for  use  in  the 
laboratory*  ^  The  remainder 'were  actively  used  for  research  in 
1983*    In  this  chapter,  statistics  will  first  be  presented  on  the 
age  of  all  equipment  in  the  national  stock*    Then,  the  emphasis 
will  shift  to  instrument  systems  in  active  research  use  in  1983, 
the  83  percent  of  the  national  stock  still  in  use* 

6*1  Age  of  Research  Equipment 

For  the  biological  sciences  and  departments  of  medicine 
as  a  whole,  44  percent  of  the  systems  in  the  1983  national  stock 
were  5  years  old  or  less,  and  29  percent  were  between  6  and  10 
years  old*    The  remaining  27  percent  were  over  10  years  old 
(Table  6-1).    There  was  variation  among  subfields  of  research: 
three  of  the  subfields  that  are  predominately  in  graduate  schools 
(zoology,  botany,  and  food/nutrition)  had  more  than  half  of  their 
instrument  systems  in  the  one-to-five  year  age  range.    At  the 
other  extreme,  anatomy  and  general  biology  had  the  highest 
proportions  of  systems  over  10  years  old,  with  41  percent,  for 
anatomy  and  37  percent  for  general  biology* 
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Private  institutions  had  6  percent,  more  instruments 
that  were  1  to.  5  years  old  than^did  public  institutions,  with  6 
percent  fewer  in  the  over-10-year  category. 

_**  The  biological  sciences  had,  somewhat  older  instrument 
systems  than  did.  most  other  fields  of  science  (Appendix  Table  A-7). 
Several  fields  —  agricultural  sciences,  environmental  sciences, 
engineering,  and  particularly  computer  science  —  had  larger 
proportions  of  instruments  that  were  from  1  to  5  years  old  than 
did  .the  biological  sciences. 

State-o'f-the-art  systems  constituted  18  percent  of  all 
biological  and  medical  science  instruments  in  the  national  stock 
(Table  6-2).    The^ percentages  of  systems  acquired  each  year  that 
were  still  considered  to  be  state-of-the-art  in  1983  are  charted 
in  Figure  6-1.    For  example,  50  percent  of  the  systems  acquired 
in  1983  were  state-of-the-art,  while  41  percent  of  those  pur- 
chased the  year  before  were  still  state-of-the-art.  This 
diminished  to  37  percent  of  those  purchased  in  1981;  it  was  down 
to  8  percent  of  those  acquired  during  1974  to  1978  and  was 
practically  zero  for  the  earlier  years.    One  conclusion  is  that 
five  years  is  essentially  the  outer  limit  for  equipment  to  remain 
state-of-the-art,  with  the  falling  off  starting  after  the  first 
year. 

At  private  institutions,  23  percent  of  the  instruments 
were  classified  as  state-of-the-art,  while  16  percent  of  those  in 
public  institutions  were  so  classified.    The  decline  with  instru- 
ment age  is  roughly  parallel  for  the  two  groups  of  institutions. 

The  remaining  tables  in  this  chapter  describe  systems 
in  active  research  use  in  1983,  a  subset  of  all  instruments  in 
the  national  stock.    Table  6-3  shows  the  age  distribution  of 
actively  used  equipment.    Fifty  percent  were  five  years  old  or 
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Figure  6-1.    Percent  of  Equipment  in  the  National  Stock 
That  is  Stete-of-the-Art  in-1983, 
by  Year  of  Purchase. 
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less,  29  percent  were  from  6>  to  10  years  old,  and  22  percent  were 
over  10  years  old,    The  major  difference  between  these  and  the 
national  stock  statistics  shown  in  Table  6-1  was  in  the  number  of 
instrument  systems  that  were  over  10  years  old.    This  difference 
of  1,863  systems  in  the  over-10 -years  old  category  was  54  percent 
of  the  total  numbjer  of  systems  that  were  no  longer  in  research 
use  (Table  5-8),    Thus,  as  would  be  expected,  obsolete  and  inop- 
erable equipment  tended  to  be  older. 

All  the  subfields  had  substantial  numbers  of  instru- 
ments removed  from  the  over-10-years  old  category  in  the  change 
from  national  stock  to  instruments  actively  in  research  use.  The 
subfields  with  the  largest  proportions  of  instruments  removed 
were  general  biology  and  medical  sciences.    Even  after  removal  of 
instruments  not  in  use,  35  percent  of  the  in-use  instruments  in 
anatomy  were  over  10  years  old,  more  than. any  other  subfield. 
Apparently,  older  instruments  are  more  useful  in  research  for 
this  discipline  than  for  the  other  subfields. 

Departments  of  medicine  displayed  a  different  pattern 
than  the  biological  sciences  in  age  of  instruments  in  research 
use.    They  had  56  percent  of  their  instruments  in  the  l-to-5  year 
range,  compared  to  49  percent  for  the  biological  sciences,  and 
they  had  16  percent  over  10  years  old,  whereas  the  biological 
sciences  had  23  percent  in  this  category. 

The. contrast  between  departments  of  medicine  and  the 
biological  sciences  extends  to  their  difference  in  prevalence  of 
instruments  no  longer  in  research  use.    Departments  of  medicine 
contained  twice"  the  proportion  of  such  instruments  as  biological 
sciences  in  the  national  stock  (?able  5-8).    When  these  were 
removed  from  the  count  to  determine  the  proportions  of  instru- 
ments actually  in  research  use,  it  was  discovered  that  only  44 
percent  of  the  instruments  that  were  no  longer  in  use  in 
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departments  of  medicine  in  1983  were  over  1Q.  years  old,  whereas 
for  the  biological  sciences  60  percent  of  those  no  longer  in  use 
were  over  10  years  old.    This  difference  indicates  a  tendency  to 
discard  instruments  at  an  earlier  age  in  departments  of  medicine 
than  in  the  biological  sciences.    It  also  suggests  that  fields, 
institutions,  or  departments  that  have  large  amounts  of  unused, 
retired  instrumentation  lying  about  are  not  necessarily  Un- 
equipped.   In  some  circumstances,  this  may  actually  indicate  a 
comparatively  well-funded  instrumentation  situation. 

There  was  a  difference  between  private  and  public 
institutions  in  age  distribution.    For  private  institutions,  54 
percent  of  in-use  systems  were  from  1  to  5  years  old,  and  17 
percent  were  over  10  years  old.    For  public  institutions  the 
comparable  figures  were  48  percent  for  instruments  1  to  5  years 
old  and  24  percent  for  those  over  10  years  old. 

Compared  with  other  fields  of  science  (Appendix  Table 
A-8),  the  tendency  of  the  biological  sciences  to  have  older 
instrument  systems  becomes  even  more  pronounced  when  only  those 
systems  still  in  active  use  are  examined,    in  the  instrument  age 
range  of  1  to  5  years,  the  differences  between  biology  and  the 
other  fields  were  somewhat  larger  for  instruments  in  active  use 
than  they  were  for  the  full  national  stock. 

State-of-the-art  systems  constituted  22  percent  of  all 
those  that  were  in  use  during  1983.    This  percentage  was  calcu- 
lated from  the  data  in  Table  5-8,  after  eliminating  the  inactive 
equipment.    The  age  distribution  of  staterof-the-art  instruments 
in  active  use  is  shown  in  Table  6-4.    For  all  subfields  combined, 
85  percent  were  between  1  and  5  years  old.    Anatomy  and  general 
biology,  however,  had  only  about  65  percent  of  their  state-of- 
the-art  instruments  in  the  1  to  5  year  group.    For  departments  of 
medicine,  91  percent  of  the  state-of-the-art  instruments  were 
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five  years  old  or  less,  compared  with  83  percent  for  the  biological 
sciences.    Overall,  only  3  percent  of  staterof-the-art  instruments 
were  ten  or  more  years  old. 

The  remaining  instrument  systems  in  research  use  were 
not  state-of-the-art.    This  group  had  a  very  different  age  pattern 
than  that  for  the  state-of-the-art  systems.    Figure  6-2  illus- 
trates the  contrast.    Whereas  85  percent  of  the  state-of-the-art 
systems  were  from  1  to  5  years  old,  the  others  were  more  widely 
distributed,  over  tne  age  categories:    40  percent  were  from  1  to  5 
years  old,  33  percent  between  6  and  10  years  old,  19  percent  from 
11  to  15  years  old,  and  8  percent  over  15  years. 

6.2  Condition  of  Research  Equipment 

Aside  from  the  age  of  the  equipment,  an  important  issue 
addressed  by  this' study  is  how  well  academic  research  equipment 
is  actually  performing.    The  next  two  tables  provide  some  insight 
into  this  question.    Table  6-5  details  how  many  of  the  instruments 
in  active  research  use  were  in  excellent  working  condition,  and 
Table  6-6  reveals  what  function  they  served  in  the  laboratory. 

About  half  of  all  instrument  systems  in  the  study  were 
considered  by  the  responsible  research  investigator  to  be  in 
excellent  working  condition  (Table  6-5).    Since  a  relationship 
has  already  been  found  between  the  age  of  instruments  and  their 
removal  front  active  research  use  (Table  6-3  and  ensuing  dis- 
cussion), it  can  reasonably  be  assumed  that  there  is  a  relation- 
ship between  the  working  condition  of  instruments  and  their  age. 
This  relationship  is  shown  in  Figure  6-3,  which  gives  the  per- 
centage oi  i*.».tmments  in  excellent  rendition  by  ye^.r  v.f  purchase, 
grouped  into  thres-year  periods.    For  instruments  purchased 
between  19R1  t^d  1983,  76  percent  were  in  excellent  condition. 
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Figure  6-2.    Age  Distribution  of  Academic  Research 
Equipment  in  Active  Research  Use: 
-Biological  and  Medical  Sciences. 
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Figure  6-3.    Percent  of  Academic  Reseorch  Equipment  That  is  in 
Excellent  Working  Condition,  by  Year  of  Purchose 
Biological  and  Medical  Sclencesr 
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The -percentage  drops  for  successive  three-year  periods  io  21 
percent  for  those  purchased  from  1969  to  "1971; 

A'- snail  rise  to  30  percent  occurs  for  instruments  14 
years  and- older*    This  small  rise- may  be  explained  by  another 
factor  underlying  the  age-condition  relationship.    As  shown  in 
'Figure  6t2  j  ti»e  proportion  of  instruments  in  active  use  decreases 
with  age;    Instruments  that  are  In  poor  condition  are  routinely 
removed  from  use  and  disposed  -of ,  so  that  an  ever-decreasing 
number  of  older  instruments  are  retained  in  the  laboratories* 
Thus,  oniy  (Tpercent  of,  all  instruments  in  use  are  more  than 
fifteen  years-old.    Undoubtedly,  these  are  the  instruments  that 
have  bean  maintained  sufficiently  well  to  leave  them  in  at  least 
average  working  condition*   Technological  obsolescence  is 
probably  not  a  consideration  for  the  functions  that  these  instru- 
ments perform* 

State-of-the-art  systems,  recently  acquired  for  the 
most  part,  had  85  percent  in  excellent  working  condition.  By 
contrast,  only  44  percent  of  the  non-state-of-the-art  systems 
were1  rated  as  being  in  excellent  condition.  "These  other  in-use 
systems  constitute  nearly  80  percent  of  the  jystems  in  active 
use. 

By  itself,  the  existence  of  a  substantial  amount  of 
non-state-of-the-art  research  equipment  is- not  a  problem.  Even 
the  best-equipped  research  facilities  would  be  expected  to  have 
such  equipment  --  for  use  in  routine  analyses,  as  backups  for 
more  advanced  instruments,  etc.    Non-state-of-the-art  equipment 
is  a  problem 'bhly  in  situations  where  its  users  do  not  have 
access  to  more  advanced  equipment  when  needed.    Table  6-6  shows 
that  this  problem  situation  is  not  uncommon:    nearly  half  (41%) 
of  all  non-state-of-the-art  instrument  systess  in  research  use 


6-15 


!  $>3 


/ 


,%n  the  fields  purvey ede are,  the  most  advanced  ins ^uments  of  their 
lcindv  to  which  -their  research^  users  .-have  access.  , 

^    Ainong^subfields>  there  is  relatively  little  variation 
in  the  percent  of  instruments. ?  in  .excellent'^working  condition. 
However,,  tberg  is-  considerable  .variation  in  the  percent  of  non- 
state  -of-? the-art  .instruments  for  -which  more  advanced  instruments  - 
are.  Available.    .The  >subf  ields  that  had  the  largest,  proportions-  of 
more  advanced.. instruments  available  (over  6 (J/. percent)  were 
medical  sciences,,  biochemistry,  and  molecular/  cellular biology. 
The  subf ields  that  had. to  rely  more . than  half^the  time, on  non- 
staterof^the-art  eguipment;.as  the  most  advanced  available  were 
anatomy Ki  zoology,  and  food/nutrition .    Departments  of  medicine 
had  advance^  instruments  available  .when  needecLraore  frequently 
than* did.. the. biological  sciences.,,  ;       tB  •  . 

Other  fields  of  science  reported  approximately  the  same 
proportions  of  instruments  in  excellent,  working  condition  as  the 
biological  sciences,  (Appendix  Table.  Aj-9).    However,  biolpgy  had 
somewhat  .higher  proper tions  of  instruments  that  were  not ,£tate- 
ot  *the-art,  for  .which  more,  advanced  equipment  was  available -, when, 
needed,  than  did  most  other  fields  m  (Appendix AableA-10,)  .  m0 

The  adequacy  of  research  instruments  in  the  biological 
sciences.must  be  questioned- when  half ,pf  the  equipment  is  in  some 
degree  of  disrepair  (i.e.,  is  in  less  than  excellent  working 
condition  and.  when  nearly  half  of  instruments  that  are  not,  state- 
of-the-art  are  the  most  advanced  to  which  investigators .have 
access  —  especially  when,  these-  other  instruments -constitute 
nearly  80  percent  of  all  equipment  in  use.    Is  the  research-com- 
munity well  served,  by  so  widespread  a,  lack  ,in  capabilities  for 
f rontrline  research?    Granted  that  not  every  procedure  -n  bio- 
logical research  requires, the  most  advanced  instrumentation}  a  . 
number  of  disciplines  appear  to  have  too  little  advanc  1  equipment 
compared  to  the  subf ields  that  are  best  endowed. 
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6.3  Summary 

For  the  subi'ields  of  research  included  in  thir  study, 
44  percent  of  the  instrument  systems  in  the  1983  national  stock 
were  from  one-  to  five  years  old,  while  27  percent  were  over  10 
years  old.,  however,  for  the  subset  of  systems  actively  used  for 
research  in  1983,  the  proportion  of  systems  in  the  age  range  1-5 
years  was  a  much  larger  50  percent,  and  those  over  10  years  old 
constituted  only  22  percent*    Departments  of  medicine  had  a 
higher  proportion  of  the  newer  instruments  than  the  biological 
sciences*    They  also  replaced  instruments  more  quickly* 

Private  institutions  had  proportionately  more  of  the 
newer  instruments  than  public  institutions  and  fewer  of  the  older 
ones.    Compared  with  other  fields  of  science  in  the  survey, 
instruments  in  the  biological  sciences  tended  to  be  somewhat 
older. 

The  percentage  of  systems  acquired  in  years  prior  to 
1983  that  were  still  considered  state-of-the-art  in  1983  fell  off 
sharply  with  increasing  age  of  the  instrument.    Of  those  purchased 
in  1983V  50  percent  were  considered  state-of-the-art*  However, 
only  37  percent  of  those  purchased  two  years  earlier,  in  1981, 
were  still  considered  state-of-the-art.    Six-year-old  Instruments 
were, classified  as  state-of-the-art  only  13  percent  of  the  time. 
Evidently,  the  life  span  for  classification  as  state-of-the-art 
is  very  short* 

The  age  distribution  of  st&te-of-the-art  instruments 
dropped  off  very  sharply;  however,  for  their  instruments  in 
active  research  use  that  were  not  classed  as  state-of-the-art 
there  was  a  more  moderate  decline  in  age  distribution,  from  40 
percent  of  those  from  1  to  5  years  old  to  27  percent  for  those 
over  10  years  old. 
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An  important  issue  is  how  well  research  equipment  is 
actually  performing.*/ fib out  half  of  the  instrument  systems  were 
considered  to  be  in  excellent  working  condition  —  85  percent  for 
state-of-the-art  instrumentf  but  only  41  .percent  for  other  in-use 
instruments.    As,  would  be  expected,  there  was  a  strong  relation- 
ship between  ?qe  of  instruments  and  their  working  condition,  with 
78  percent  >ol  those  from  1  to  3  years  old  in  excellent  condit.on 
but  only  21  percent  of  those  between  11  and  13  years  old.  A 
small  number,  of  instruments  even  older  than  that  were  still 
performing  adequately  in  their  presumably  routine  functions. 

Systems  that  were  not  state-of-the-art  accounted  for 
nearly  80  percent  of  all  instruments  in  actual  research  use.  Such 
instruments . play  an  important  role  in  research  laboratories  when 
state-of-the-art  equipment  is  not  required*    However,  when 
research  investigators  do  not  have  access  to  more  advanced 
equipment,  thus  having  to  "make  do"  with  older,  less  capable 
instruments,  they  face  an  obstacle  in  their  attempt  to  engage  in 
more  sophisticated  research.    This  is  apparently  the  situation 
generally  in  some ^subf ields, of  research,  and  in  other  subfields 
in  at  least  a;t large -proportion,  of  laboratories.    Overall,  nearly 
half  of  the, nqn-staterof -the-art  instruments  in  the  biological 
sciences -were  the  most  advanced  to  which  investigators  had 
acceis.    For  departments  of  medicine,  that  percentage  was  closer 
to  one-third.    To  the  extent  that  these  obstacles  to  instrument 
performance  and  capability  appear,  the  entire  research  effort  in 
the  biological  sciences  is  hampered. 
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7.    FUNDING  OF  EQUIPMENT  IN  ACTIVE 
RESEARCH  USE 

Two  questions  of  interest  concerning  the  funding  of 
research  equipment  are:    (1)  where  do  the  funds  come  from  to 
purchase  equipment  in  the  biological  and  medical  sciences;  and 
(2)  aside  from  purchasing  equipment ,  what  other  means  are 
commonly  employed  to -acquire  equipment.    It  is  not  possible  to 
determine  from  this  study  if  any  changes  over  time  have  occurred* 
However,  the  data  do  provide  a  baseline  against  which  to  measure 
future  changes. 

7.1  Means  of  Acquiring  Research  Equipment 

Both  the  numbers  ot  instrument  systems  and  the  costs 
of  these  systems  (Tables  7-1  and  7-2)  indicate  that  the  only 
significant  method  of  procurement  was  purchasing  new  equipment. 
Ninety-four  percent  of  the  systems,  with  a  total  cost  of  95 
percent  of  all  funds  spent,  were  obtained  this  way.  Locally 
built  systems  scarcely  appeared  as  a  factor  in  the  biological 
and  medical  scxences.    There  was  practically  no  donated  equip- 
ment, and  the  purchase  of  used  items  was  negligible. 

7.2  Funding  Sources  for  Research  Equipment 

Federal  agencies  and  non-Federal  sources  each  provided 
one-half  of  the  money  for  research  equipment.    Figure  7-1  illus- 
trates the  amounts  contributed  by  the  several  sources.  More 
details  are  provided  in  Table  7-3,  which  also  reveals  that  the 
departments  of  medicine  did  not  follow  the  funding  pattern  of 
the  biological  sciences:    departments  of  medicine  obtained  their 
funds  in  nearly  a  two-to-one  ratio  from  non-Federal  sources. 
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37.0 

.4 

.3 

0  0 

0  9 

1001 

TtX 

It.T 

f.f 

.4 

.4 

0  0 

9  .t 

1001 

tlx 

«g 

to 

10.7 

10.3 

0 

.3 

0  0 

0  0 

itoi 

TSX 

7.7 

7.0 

.1 

.4 

9  0 

0  0 

1001 

tit 

31 

34.3 

31.0 

3.3 

l.t 

0  0 

0  0 

1001 

tox 

41 

3X 

44.7 

43.1 

0 

3.3 

0  0 

0  .1 

1001 

T*X 

ft 

o.f 

0.3 

.3 

.3 

0  0 

0  0 

100S 

T4X 

OX 

003.3 

334.4 

4.4 

10.2 

.0  .1 

.1  1.3 

1MI 

m 

tt 

3X 

m.o 

144.0 

3.1 

4.0 

0  0 

0  .3 

J00X 

t4X 

n 

3X 

Ilt.f 

I3T.7 

3.1 

3.3 

.0  .3 

0  .9 

ion 

04X 

IX 

tt 

4t.l 

43.0 

0 

4.7 

9  9 

9  .4 

1WX 

m 

7X 

IX 

100.9 

1713 

4.3 

3.7 

.3  ~1 

0  .4 

IMS 

m 

33 

IX 

m.4 

170.1 

1.9 

11.3 

.3  0 

.1  1.* 

INS 

m 

IX 

4X 
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'  TABU  7-3 r  *  *  *    '  \ 

SOURCES  OF  rWtZ  FOR  ACA5EMC  RESEARCH  CW|2nE*T#  ir  FlttO  Am  STTTIMC 

iwtwwt  system  irweiarc^use  i*  ttrn  iiolocical  aw  miai  scichces 

C80UA8S  IK  MLLIWS1  / 

 niKCf  CO  KTR  I  WTO*  AMD '  FERCEJlT  OF^fUKDS— — — — 

-  ;  FIELD  AID  SETTlRC-  —  

- — iiolocical  scierces-t—  * 

CSAWATC       .    BE9ICAI  CEPARTttNTS 
*  -  TOTAL  SCHOOLS  SCHOOLS         'OF  HE01C1XE 


TOT*'  •  ALL  SOURCES 


1444.8 

1001 


•148.3 

10CX 


1232.0 
tOOl 


966.6 

toox 


mtML  fOWCtS*  TOTAL 

UN 
108 

OTHER  FE8ERAL  SOMCU 


90S 


33.4 
SX 


171.3 
381 


4.0 
IX 


12.3 
31 


TO.f 
SIX 


22.3 
431 


44.4 
3IX 


1.0 
IX 


6.1 
4X 


120.0 
32X 


10. f 
3X 


102.4 
44X 


1.2 
IX 


3.3 
21 


20.3 
38X 


.4 

IX 


22.4 
34X 


1.8 

3X 


.8 

IX 


R0X-FE9ERAL  -JOURCESt  TOTX. 
IRSTITVTIOH  OK  OEf ARTRERT  FVttS 
STATE  CRART/AprROTR I  AT  IDA 
PRIVATE  XQXTROflT  FOOKOATlQJt 
8VSIKES8  OK  IttUSTRT 
OTHER  HOR-FEDERAL  SOURCES 


223.4 
SOX 


163.6 
371 


12.4 
4X 


27.0 
61 


7.7 
21 


6.6 

U 


72.4 


47.2 
322 


11.4 
81 


7.3 
31 


4.3 
31 


l.T 

IX 


112.0 
481 


86. f 

371 


6.0 
31 


14.0 
6X 


2.4 
IX 


2.6 
IX 


41.0 
42X 


31.9 
471 


1.0 
IX 


s;7 
u 


.7 
IX 


2.1 
3X 
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NIH  was  the  principal  source  of  Federal  funds  for 
equipment,    Gr^u,aj:e^£fchools  obtained  31  percent,  of  their  equip- 
ment-funds. froaLNIH,  while^.the  biological  sciences  in  the 
medical^schOjO^.secu^ed^^,  percent..   For  departments  of  medicine, 
NIH: was-  theV?bHix^igK4|^c%t. federal  source.    NSF  contributed  15 
percent  *6jfr  the  ^graduate  'schools'  equipment  funds,  but  only  5 
percent  of  fche  medical'"  schools' . 
t>  \  '         .  * 

'  Institutional  funds  were  reported  to  be  the  principal 

sotarce  for  n  oil -Federal  taoneys,  wi.th  32  percent  of  the  graduate 
schools'  equipment  funds,  37  percent  of  the  medical  schools', 
and  nearly  half  of  all  'funds  for  departments  of  medicine.  The 
meaning  of  institutional  funds  in.' this  context  is  not  entirely 
clear.    The ^research  investigators  who- supplied  information  on,- 
the 'funding 'sources  for  the  instruments  for  which  they  were 
responsible  could  not  'be  expected  to  know  the  sources  o£  money 
supplied  by  the  institution  unless  it  had  been  earmarked  by  a 
specific  donor.    It  is  possible ! that  some  of  the  institution1 3 
funds  originated  with  >the  Federal  government  through  programs 
such  as  the  Biomedical  Research  Support  Grants,  which  are  dis- 
bursed through  a  formula  based  on  an  institution's  total  research 
'funding  and  intended  to  provide  unrestricted  support  to  biomedical 
research.    Another  possible  source  is  the  indirect  cost  portion 
of  research  grants,  which  may  be  redirected  by  the  institution 
into  equipment  funding  or,  in  the  case  of  some  States  that 
receive  the  indirect  costs  for  state-supported  institutions, 
routed  back  to  the  institution  for  the  same  purpose.  Technically, 
these  can  be  considered  to  be  institutional  funds,  although  they 
do  not  originate  from  within  the  institution's  own  resources. 
To  what  extent  the  total  that  was  designated  institutional  fund- 
ing contained  this  re-routed  Federal  funding  —  or  similar  non- 
Federal  unrestricted  grants  —  cannnot  be  determined  from  these 
data. 
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Another3  source  that  may  be  included  in  the  institu- 
tional fund  category  for  medical  schools,  ancl  which  may  ilso 
account  for  some  of  the  differential  in  equipment  funding  between 
graduate  and  medical  schools,  is  the  revenue  generated  from 
clinical  activities  of  the  faculty.    No  estimate  can  be  given 
for  that  element  from  the  data  in  this  survey. 

Besides  the  institutional  funds,  no  matter  what  their 
origins  may  have  been,  other  non-Federal  sources  played  minor 
roles  in  equipment  .funding.    State  funds  constituted  3  percent 
of  equipment  money  for  medical  schools,  but  8  percent  for 
graduate  schools  (which  had  a  considerably  higher  proportion  of 
public  institutions).    Private  nonprofit  foundations  contributed 
about  5  percent  of  equipment  spending  for  the  biological  sciences 
and  9  percent  for  departments  of  medicine.    Business  and  industry 
a  source  that  might  relieve  the  Federal  government  of  some  of 
the  burden  for  research  support,  contributed  only  2  percent  of 
all  equipment  funds  in  the  biological  and  medical  sciences. 

Private  institutions  fared  a  little  better  proportion- 
ately from  the  Federal  government  than  did  public  institutions. 
They  received  53  percent  of  their  equipment  funds  from  Federal 
agencies  compared  with  the  47  percent  received  by  public  insti- 
tutions (Table  7-4).    The  average  Federal  contribution  for 
research  equipment  to  93  private  institutions  was  $992,000  per 
institution,  whereas  the  156  public  institutions  averaged 
$828,000.    Institutional  funds,  however,  were  about  the  same  for 
private  and  public  universities  and  medical  schools,  both  in 
terms  of  percentage  of  funds  and  in  average  dollars  per  instituti 
The  only  ether  significant  difference  in  funding  sources  was  the 
7  percent  of  the  total  con tr routed  by  state  governments  to  public 
institutions  compared  to  practically  no  State  government  contri- 
butions to  private  institutions. 
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TAtU  r-i 

JZSJIrSI  Jl!J?LJ0?/C*£PiLRI,£A*CH  ""IfnCJlT.  IT  IWTlTom-AL  CONTROL 
IWTaVJftllT  SVSTCffS  I»kcY<«KOI  Wit  IN  ItSSI    SI0LOCtGAL-*N9  KWlCAl  SC1CNCIS 

{DOLLARS  IN  MILLIONS) 

-ruxps  coiTRiwreo  ano  krcint  of  »v»ds- 

-CCNTRGL  Or  INSTITUTION— 

ninn    .  rustic 

TOTAL        INITITVTICNI  INSTITUTIONS 


TOTAL f  ALL  ICVJCtI 

•172.7 

t274.1 

100X 

ioox 

icox 

mCNAL  I0VRCC3,  TOTAL 

It  1.4 

T2.3 

—  — —  r- 

SOS 

S3X 

,l47X 

NSf 

33. A 

21  .iB 

It 

71 

ex 

HIM 

*7l.S 

71.7 

TT.t 

SIS 

42X 

34X 

GOB 

4.0 

3. 1 

*! 

IX 

2X 

OTNCR  FttlHAL  OTVRCCi 

3.7 

4.4 

31 

3X 

Zl 

KON-flttRAL  BSyRClSt  TOTAL 

223.4 

60.4 

143.0 

SOT 

47X 

S3X 

iNJTITVnONM  8E?ARTNENT  fUKSI 

1*3.4 

41.7 

103. T 

37Z 

34S 

30X 

STATt  CRANT/AmtOfNIATION 

It. 4 

.4 

17. T 

41 

71 

MZVATt  SONfROFIT  rOVWATIOS 

27.0 

12.3 

14.3 

41 

7X 

3X 

tVSINtll  OR  IK9VSTRT 

7.7 

4.0 

3.7 

21 

it 

IX 

OTHZR  NON-ftCCTAL  SOURCES 

4.4 

1.7 

4.T 

IX 

IX 

tx 
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The, .funding,  sources  for  biological  sciences  are  com- 
parec\  with  those  for  Other  fields  in  Appendix"  Tables  A- 11  and 
A-12.      In  A-ll,  the  proportions  of  funds  each  field  received 
from  the  various  sources  are  summarized,  and  in  A-12  the  distri- 
bution of .each  source !s  funds  by  field  .is  shown.    Table  A-ll 
shows ,*that  the  biological  .sciences  received  a  larger  portion  of 
their  equipment. funds  f rom  Federal  sources  than  any  other  surveyed 
fie.Xd  except  the  physical  and  materials  sciences.    By  far  the 
largest  part  of  the  Federal  funds  for  the  biological  sciences 
came  from  NIH.    Each  of  the  other  fields  had  its  own  pattern  of 
funding  sources,  none  of  which  resembled  that  for  the  biological 
sciences.    For  example,  about  half  of  the  funds  for  agricultural 
sciences  came  from  the  institutions  themselves,  whereas  all 
other  fields  had  much  lower  proportions  of  funding  from  the 
institutions.    Business  and  industry  were  not  much  of  a  factor 
except  for  computer  science  and,  perhaps,  environmental  sciences. 

Appendix  Table  A-12  indicates  the  principal  interest 
of  each  Federal  agency  for  the  surveyed  fields  of  science,  as 
well  as  the  distribution  of  funds  from  all  of  the  other  sources. 
NIH,  for  example,  distributed  almost  all  of  its  equipment  funds 
to  the  biological  sciences,  with  nearly  all  of  the  remainder  to 
the  physical  sciences.    NSF,  on  the  other  hand,  granted  about 
half  of  its  funds  to  the  physical  sciences  and  about  a  sixth 
each  to  engineering  and  the  biological  sciences.    Department  of 
Agriculture  funds  went  mostly  to  agricultural,  sciences.  The 
next  highest  level  of  Department  of  Agriculture  funding  went  to 
the  biological  sciences  in  graduate  schools.    While  more  of  tie 
university  funds  weqt  to  the  biological  sciences  than  to  any 
other  field,  equipment  funds  from  that  source  are  broadly  dis- 
tributed among  all  fields,  roughly  in  proportion  to  their  total 
funding. 
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Another  perspective  concerning  funding  is  shoro  in 
Table  7-5 #  which  illustrates  the  pattern  of "funding  from  various 
sources  bysystem  cost  catec,or.ias.    The  Federal  sources  accounted 
for  50  percent  of  all  equipment  funding,  as  did  the  non-Federal 
sources.    However,  55  percent  of  funding  for  equipaent  costing 
lets  than  $25,000  came  from  Federal  sources,  with  the  remaining 
45  percent  cooing  from  non-Federal  sources.    Conversely,  46 
percent  of  the  funding  for  instruments  costing  $75,000  or  more 
was  purchased  with "Federal  money,  compared  to  54  percent  from 
non-Federal  money. 

NIH,  which  contributed  38  percent  of  all  equipment  * 
funding,  provided  47  percent  of  the  funds  for  instruments  costing 
under  $25,000  and  28  percent  for  those  costing  $75,000  or  more. 
KSF  showed  the  reverse  pattern,  providing  8  percent  of  all  equip- 
ment funding  but  5  percent  of  the  funds  for  instruments  costing 
less  than  $25,000  and  12  percent  for  those  costing  $75,000  or 
more.    Institutional  funds  were  also  skewed  toward  the  more 
expensive  items,  with  31  percent  for  all  instruments  under  $25,000 
and  41  percent  for  those  costing  $75,000  or  more. 

Federal  involvement  as  a  source  of  funding  is  examined 
in  Table  7-6.  For  example,  42  percent  of  the  equipaent  items 
were  funded  without  any  Federal  money,  while  48  percent  were 
funded  exclusively  with  Federal  funds.  Tfide  variations  among  the 
subfields  occurred,  ranging  from  59  percent  of  the  biochemistry 
items  receiving  full  Federal  funding  to  36  percent  of  microbiology 
instruments  to  13  percent  for  focd/nutritio  i.    Hon-Federal  fund- 
ing was  the  dominant  source  for  medical  sciences  and  food/nutrition, 
along  with  pathology  and  aicrobir  ogy.    Shared  funding  was  use£ 
to  purchase  only  10  percent  of  all  instrument  systems.  The 
percentage  of  shared  costs  was  at  a  low  level  for  all  subfieJus, 
with  medical  sciences  the  lowest  of  all  at  4  percent. 
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SOURCES  Dr  FVNCS  PCR  ACADEftlC  RESEARCH  PSUIM1ENT,  BY  ,SYST£N  COST  RANGE 
1N8TRUNENT  IY3TER3  IN  RESEARCH  USE  IN  1983 1    BIDLOCiCAl  AND  RED1CAL  SCIENCES 

(DOLLARS  IN  MLLIONSJ 

 FUNDS  CONTRIBUTED  AND  PERCENT  CF  FUNDS  

—  SYSTEM  ACQUISITION  COST  

UNDER  I23»000-  $73»000 

TOTAL  I23#000  $74i9tt  OR  WORE 


TOTAL »  ALL  SOURCES 

FEDERAL  SOURCES*  TOTAL 
N3F 
N1H 
D09 

OTHER  FEDERAL  SOURCES 

NON-FEDERAL  SOURCES*  TOTAL 

INSTITUTION  OR  DEPARTItSNT  FUNDS 
STATE  GRANT /APPROPRIATION 
PRIVATE  NONPROFIT  FOUNDATION 
BUSINESS  OR  INDUSTRY 
OTHER  NON-FEDERAL  SOURCES 


9446.8 
100Z 


221.4 
SOX 

33.6 
81 

171.3 
38Z 

4.0 
II 

12.3 
31 


223.4 
301 

163.6 
37Z 

18.4 
4Z 

27.0 
61 

7.7 
21 

6.6 
IZ 


84.7 

$143.0 

S119.1 

100Z 

100Z 

100Z 

102.3 

64.6 

34.3 

331 

43Z 

46Z 

10.0 

8.9 

14.8 

3Z 

61 

121 

86.6 

31.7 

33.2 

47Z 

36Z 

28Z 

1.7 

i  2 

!  i 

IZ 

IZ 

iz 

4.2 

2.1 

3.2 

2Z 

2Z 

4Z 

82.2 

78.4 

64.8 

431 

33Z 

341 

37. S 

39.3 

48.3 

31 Z 

421 

4IZ 

8.4 

6.6 

3.4 

.  3Z 

3Z 

3Z 

7.7 

8.1 

3Z 

7Z 

2.3 

3.2 

2.3 

IZ 

21 

2Z 

2.6 

1.3 

2.7 

II 

IZ 

2Z 
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FttCXAL  IKttLttFOT  U  C#  ACAC1MC  MStAtCX  IIUlMCMf 

ltSTWfttlt  imW  Ja  MMAXCI  UK  1«  XfSSl    1I0LOS1CAL  «U  KtlCAI.  tCIIMCSt 


— — Hivmn  m  nnam  cr  smws— — 
•mouL  fuwixc  ikvolvucnt- 
"o        fasti  w.  iccx 

*  TOTAL        FVXOIMC      FVX9IMC  FVXBlMC 


1*334  4139  1704  7772 

100Z  42X  10X  49X 


iiocKninrr                      3742  ioai  4*7 ,  2it3 

1DQZ  2TX  IS  3f  X 

dicSOtlCUCT                           '    1331  *tt  17t  4T1 

100  X  30X  13X  MX 

muC3MS/CtUM.f.X  tlOtCCT             2413  113t  149  1117 

I00X  44X              TX  47X 

WTlIttKY/liOWTlICl                  '2ltl  113  233  1111 

100X  37X  12X  SIX 

AJMTCRY                                           371  134              3*  17? 

ioox  4ix  iox 

PATM018CT                                      713  377              47  2*1 

10OX  331              7X  ax 


nvunUCA8ST/rox!C9tOCT                 13It  6*3  124  too 

100X  42X  IX  SOX 

ZOaOCT/EXTOnXOeT                         JTt  172  42  lt4 

IOOX  43X  11X  4*Z 

I0TAXT                                            422  143  61  2tt 

100X  34X  14X  32X 

f003  AND  RVTKJtlDi                         32*  230  33  43 

100X  77X  1CX  13X 


I10L0ST.  CntXXM.  MS  H.I.C.             tlS  333  124  33* 

100X  41Z  1SX  44Z 

ROlCAL  KlDCtS/KPTt  «8            1132  »44  *3  *22 

100X  StX  4X  SIX 

IRTZJttlSCirUKAXY.  R.I.C.                173  II  31  "  43 

IWX  441  itX  3*X 

riua  m  ttmm 


I10L0C1CAL  SC1ZXCXI.  TOTAL 

137*3 

3342 

1404 

**49 

IOOX 

401 

12X 

4tX 

CXA8UATI  SCHOOLS 

571', 

23*3 

7*2 

2374 

10vX 

41X 

14X 

43  X 

M DICAL  SCHOOLS 

tos* 

317S 

S12 

4044 

IOOX 

3U 

IOX 

SOX 

ci7Arr«D(Ts  cr  rssicinc 

2341 

X317 

100 

1132 

IOOX 

32X 

IX 

44X 

lrJTlTUTID*  COMTXOL 


PftlVATt 

3733 

221» 

424 

301T 

IOOX 

40X 

71 

333 

runic 

10*00 

434» 

1171 

4733 

IOOX 

43X 

UX 

43X 

7-12 


833 


The  summary  totals  in-Table  7-6  reveal  a  considerable 
difference  between  the  extent  of  non-FederaF  funding  for  the 
biological  sciences  and  departments  of  medicine.    For  the  latter, 
52  percent  of  their  instruments  were  completely  funded  by  non- 
Federal*  sources,  while  for  the  biological  sciences  only  40  percent 
were  completely  dependent  on  those  sources.    In. private  institu- 
tions, 53  percent  of  the  instruments  received  total  funding  from 
Federal  agencies,  compared  with  45  percent  for  public  institutions. 

About. half  of  the  instruments  in  the  biological  sciences 
were  completely  f unded.  by  Federal  sources,  the  same  proportion 
as  found  for  physical  sciences;  however,  the  physical  sciences 
had  partial  funding  from  Federal  sources  about  twice  as  often  as 
biology  (Appendix  Table  A-13) .    Agricultural  science  instruments 
rarely  had  any  Federal  funding,  but  almost  all  those  in  materials 
science  had  at  least  partial  federal  funding. 

7.3  Summary 

Almost  all  instrument  systems  in  the  biological  sciences 
and  departments  of  medicine  were  purchased  new.    No  other  means 
of  acquisition  played  a  significant  role. 

Funding  sources  for  the  biological  sciences  in  graduate 
schools  differed  from  those  in  medical  schools.    While  both 
received  about  half  of  their  funds  from  Federal  sources  —  and 
NIH  was  by  far  the  largest  Federal  contributor  to  both  settings 
—  NSF  contributed  three  times  as  much  to  the  graduate  schools 
as  it  did  to  medical  schools.    Among  the  non-Federal  sources, 
the  institutions  were  the  major  contributors,  with  a  slightly 
higher  proportion  of  institutional  funds  going  to  medical  schools 
than  to  graduate  schools.    Institutional  funds,  however,  contain 
an  undetermined  component  of  money  originatinq  from  Federal  sources 
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Funds  from  the  state  were  a  minor  factor,  but  they  went  mostly 
to  graduate  schools,  "  Departments  of  medicine,  however,  received 
62  percent  of  their  funding  from  non-Federal  sources ,  three- 
fourths  of  that  being  from  their  institutions.    Private  institu- 
tions received'  a  higher  proportion  of:  their  equipment  funds  from 
Federal  sources  than  did  the  public  institutions. 

Federal  sources  as  a  whole  funded  a  larger  percentage 
of  instruments  costing  under  $25 , 000  than  did  non-Federal  sources, 
which  in  turn  funded  .a  larger  percentage  of  those'  costing  over 
$25,000.    The  funds  granted  by  NIH  were  used  for  instruments 
costing  less  than  $25,000,  far  more  than  for  those  costing 
$75,000  and  more,    The  reverse  was  true  for  NSF's  -funds. 

Private  institutions  had  a  higher  percentage  of  instru- 
ments completely  funded  by  Federal  sources  when  compared  with 
public  institutions. 
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8.    LOCATION  AND  USE  OF  ACADEMIC  RESEARCH  EQUIPMENT 

*  » 

Questions  .haye  been  raised  periodically  concerning  the 
extent  -to  which  research,  equipment  in  academic  laboratories  is 
available  to  qualified  research  investigators  in  other  laboratories. 
Is  sharing  of  expensive  instrument  systems  a  common  practice,  or 
do  academic  investigators  tend  to  duplicate  desirable  instruments 
even  though  the  equipment  may  lie  unused  within  their  own  labor- 
atories for  considerable  periods  of  time? 

The  present  survey  cannot  answer  all  of  these  questions; 
the  need  for  similar  instruments  in  separate  laboratories  is  a 
matter  for  local  evaluation  of  how  best  to  use  the  time  and 
effort  of  skilled  research  teams-    Nevertheless,  many  institutions 
have  departmental  laboratories  where  commonly  used  equipment  is 
shared  by  most  investigators  and  their  staff  members.    In  this 
chapter,  data  are  presented  or.  the  location  of  equipment  — 
whether  in  individual  investigates*  laboratories  or  in  shared 
facilities  —  and  on  how  many  research  personnel  use  instruments 
in  each  type  of  facility. 

8-1  Location  of  Equipment 

In  the  biological  sciences,  for  both  graduate  and 
medical  schools,  about  65  percent  of  all  equipment  was  locate* 
in  within -department  laboratories  of  individual  principal  inve, 
tiaators  (P.I.s)  (Table  8-1).    For  departments  of  medicine,  the 
comparable  number  was  70  percent.    Almost  all  of  the  remainmq 
instrument  systems  were  in  department -managed  common  laborato  3, 
with  about  3  percent  —  less  for  departments  of  medicine  —  in 
nondepartmental  instrumentation  facilities  and  1  percent  in 
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national  or  regional  facilities.    For  convenience,  these  latter 
three  locations  are  collectively  referred  to  as  inherently 
'shared-access  facilities. 

Compared  with  other  fields  of  science  (Appendix  Table 
A-14),  the  location  pattern  for  the  biological  sciences  agrees 
roost  closely  with  those  in  agriculture  and  the  physical  sciences. 
The  environmental  sciences  and  engineering  each  had  about  half 
their  systems  in  P. I. -controlled  laboratories.    In  the  remaining 
fields,  nondepartmental  facilities  played  a  more  prominent  role. 

Table  8-2  displays  the  percentage  of  systems  in  shared- 
access  facilities  by  subfield  of  research  and  by  state-of -^he- 
art status.    About  35  percent  of  both  state-of-the-art  and  other 
in-use  systems  were  in  shared-access  facilities.    Several  subfields 
had  about  20  percent  in  shared  facilities:    biochemistry,  molecular/ 
cellular  biology,  physiology/biophysics,  pharmacology/toxicology, 
and  zoology.    The  other  subfields  ranged  upward  to  as  high  as  50  . 
percent,    in  a  majority  of  the  subfields  it  appears,  wnat  state- 
of-the-art  instruments  were  somewhat  less  likely  to  be  in  shared 
facilities  than  were  other  in-use  instruments. 

In  Table  8-3,  the  proportions  of  instrument  systems  in 
shared-access  facilities  are  presented  within  cost  categories. 
Of  systems  costing  between  $10,000  and  $24,999,  only  31  percent 
were  in  shewed  facilities,  whereas  63  percent  of  those  costing 
between  $75,000  and  $1,000,000  were  in  shared  facilities. 

In  the  biological  sciences,  graduate  schools  and  medical 
schools  had  the  same  overall  proportions  of  instruments  in  shared- 
access  facilities,  yet  71  percent  of  the  graduate  school  instru- 
ments in  the  top  cost  category  were  in  such  locations,  compared 
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TABLE  B*S 

PERCENT  OF  ACADEMIC  RESEARCH  EWITOEKT  lOCATEO  IN  SHARES-ACCESS  FACILITIES, 
•t  RESEARCH  STATUS  " 

IWTWftWT  SYSTERS  IN  RESEARCH  USE  IN  IW3»    BIOLOGICAL  AND  HEDICAL  SCIENCES 

PERCENT  OF  S TITERS  IN 
SHARES-ACCESS  FACILITIES 


TOTAL 
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TAILe  0-9 

PERCENT  CF  ACADEMIC  RESEARCH  EOUIPflENT  LOCATED  IN  S  HAS  ED -AC  CESS  FACILITIES, 
BY  SYSTEM  COST  "  ~~ 

INSTRUMENT  SYSTEMS  IN  RESEARCH  USE  IN  1983*    BlOLGs.  .CAL  AND  nEDICAL  SCIENCES 

PERCENT  OF  SYSTEHS  IN  SHARED- ACCESS  FACILITIES 

——SYSTEH  PURCHASE  COST— — - 
910.000-       «3iOOO-  173.000- 
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with  61  .percent  for  medical  schools.    Public  institutions  had 
somewhat  highe*.  proportions  in  shared-access "facilities  across 
all  cost  categories  than  private  institutions. 

Older  instruments  were  more  frequently  located  in 
shared-access  facilities  (Table  8-4).    Of  those  over  10  years 
old,  41  percent  were  in  such  locations,  compared  to  32  percent 
of  those  between  1  and  5  years  old.    This  trend  was  apparent  in 
10  of  the  13  subfields.    it  was  true  also  for  both  private  and 
public  institutions. 


8.2  Availability  for  General  Purpose  Use 

About  17  percent  of  all  research  instruments  in  the 
fields  surveyed  were  dedicated  for  use  in  a  particular  experiment 
or  series  of  experiments  (Table  8-5).    About  one-third  of  these 
dedicated  instrument    had  been  physically  modified  in  some  way 
to  make  them  suitable  for  their  intended  use.    The  rest  were 
reserved  intact  f.or  the  specified  experiments,  their  calibration 
and  position  undisturbed  by  outside  use.  Physiology/biophysics 
had  the  largest  proportion  of  dedicated  systems,  32  percent. 

The  biological  sciences  had  a  smaller  proportion  of 
dedicated  systems  thai,  most  other  fields  of  science  (Appendix 
Table  A-15).  The  physical  sciences  (39%),  engineering  (37%), 
environmental  sciences  (33%),  and  agricultural  sciences  (24%) 
all  had  larger  proportions  of  their  research  equipment  reserved 
for  special  purpose  use  than  did  the  biological  sciences. 
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TAtLt  0*4 

PERCEKT  OF  ACADERIC  RESEARCH  EIUIPRENT  LOCATED  IN  SHAREftiACCESS  FACILITIES 
8T  AW  OP  SYSTER  . 

I^fRUREKT  SYSTEMS  IN  RESEARCH  USE  IN  l«3l    BIOLOGICAL  AND  REDICAL  SCIENCES 
PERCENT  OF  SYSTERS  IN  SHARED-ACCESS  FACILITIES 


SYSTER  ACE  (FROR  YEAR  OF  PURCHASE) 
OVER  10 

1-5  YEARS    6-10  YEARS    YEARS  (1973 
TOTAL         tlt7t-B3)      11174-78)    OR  BEFORE) 
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8.3  Annual  Number  of  Research  Users  per  Instrument  System 

An  index  of  how  widely  academic  research  equipment  is 
used  is  the  mean  annual  number  of  users  per  instrument  system. 
In  Table  8*6  it  is  seen  that  the  average  instrument  system  in 
the  biological  sciences  and  departments  of  medicine  wad  used  by 
10.9  researchers  in  1983.    This  number  varied  among  subfielda, 
from  a  low  of  8.0  users  per  system  per  year  in  zoology  and  8.6 
in  medical  sciences  to  a  high  of  14.2  for  both  microbiology  and 
general  biology.    General  purpose  instruments  had  a  mean  of  11.8 
users,  in  contrast  to  about  6.6  users  for  dedicated  instruments. 

As  shown  in  the  second  part  of  Table  8-6,  graduate 
schools  had  none  users  per  instrument  than  did  medical  schools, 
and  biological  sciences  as  a  %/hole  had  considerably  more  than 
departments  of  medicine.    Private  institution's'1  had  slightly  more 
users  per  syst&n  than  did  public  institutions,  and  state-of-the- 
art  instruments  were  used  by  slightly  more  researchers  than 
other,  in-use  instruments.    However,  purchase  cost  showed  the 
only  noteworthy  differential:    instrument  systems,  in  the  cost 
range  of  $75,000  to  $1,000,000  had  much  larger  mean 'numbers  of 
users  than  did  those  in  the  two  lower  cost  ranges.    In  all  of 
these  comparisons,  general  purpose  instruments  were  more  broadly 
used  than  were  dedicated  ones,  as  would  be  expected. 

Appendix  Table  A-16  shows  that  fclu  biological  sciences, 
Along  with  agricultural  sciences,  had  fewer  users  per  instrument 
than  all  other  fields  of  science.    The  physical  sciences,  which 
had  the  same  proportion  of  instruments  in  the  laboratories  of 
principal  investigators  as  did  the  biological  sciences  (Appendix 
Table  A-15),  nevertheless  had  15 .5  users  per  instrument,  noticably 
more  than  the  biological  sciences. 
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Another  approach  to  quantification  of  instrument  usage 
is  the  extent  to  which  instruments  are  used  by  researchers  from 
outside  the  departments  in  which  they  are  located.    In  Table  8-7, 
researchers  are  classified  accordii  a  to  their  origin:  first 
being  faculty  or  faculty-equivalent  researchers  from  within  the 
department;  then  graduate  students,  medical  students,  and  post- 
doctorates  from  within  the  department;  and  then  researchers  from 
increasingly  remote  origins.    Of  course,  individual  instruments 
could  be  used  by  more  than  one  category  of  user. 

For  all  subfields,  95  ^rcent  of  the  instruments  were 
used  by  faculty  of:  the  host  department.    In  addition,  36  percent 
of  these  same  instruments  were  used  by  researchers  from  other 
departments  of  the  same  institution,  10  percent  were  used  by 
researchers  from  other  universities,  and  14  percent  were  used  by 
nonacademic  researchers.    Eighty-two  percent  of  all  instruments 
were  also  used  by  graduate  students,  medical  students,  and  post- 
doctorate.*  within  their  own  departments. 

Ther^  was  little  variation  among  subfields  in  the 
percentage  of  instrument  systems  used  by  faculty  from  the  host 
department.    There  was  also  little  variation  among  subfields  for 
percent  of  instruments  used  by  graduate  and  medical  student j  and 
postdoctorates ,  except  for  pathology  and  medical  sciences,  which 
had  significantly  lower  percentages  than  other  fields.  For 
these  two  subfields,  there  is  probably  a  relationship  between  . 
the  reduced  usage  of  instruments  and  the  lack  of  graduate  students. 
Patnology,  for  example,  \      the  smallest  number  of  doctoral 
degrees  awarded  of  all  the  subfields  studied  (Table  5-7).  For 
medibal  sciences,  the  research  was  performed  mostly  in  departments 
of  medicine,  which  do  not  award  graduate  degrees.    With  the 
exception  of  microbiology,  all  of  the  major  subfields  had  a 
little  over  30  percent  o*  their  instruments  used  by  researchers 
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from  other  departments  at  the  same  institution.    For  microbiology, 
a  remarkably  high  50  percent  of  their  instruments  were  used  by 
researchers  from  other  departments  in  the  same  institution. 
Non-academic  researchers  were  most  frequently  found  in  molecular/ 
cellule?  biology  and  in  the  medical  dciences. 

The  second  part  of  Table  8-7  shows  that  departments  of 
medicine  shared  equipment  most  extensively  with  .nonacademic 
researchers  than  did  biological  sciences.    Public  institutions 
shared  with  researchers  from  other  departments  at  the  same  univer- 
sity a  little  more  than  did  private  institutions.    It  was  some- 
what more  common  for  state-of-the-art  instruments  to  be  shared 
with  researchers  from  other  universities  and  with  nonacademic 
researchers  than  it  was  for  other  instruments. 

As  with  many  other  statistics  examined  in  this  report, 
instrument  usage  varied  most  notably  by  instrument  purchase  cost 
level      For  graduate  students  and  postdoctorates,  there  was  a 
slight  tendency  for  the  usagt  proportions  to  decline  with  increasing 
cost  of  the  equipment.    However,  a  very  pronounced  usage  increase 
with  increasing  cost  of  equipment  was  evident  for  researchers 
from  other  departments  within  the  same  institution,  for  researchers 
from  other  institution! ,  and  for  nonacademic  researchers.  Evidently, 
more  expensive  equipment  is  more  likely  to  be  shared  with  invest- 
igators from  outside. 

8.4  Summary 

About  65  percent  of  all  equipment  for  the  biological 
sciences  was  located  in  the  laboratories  of  individual  investigators,- 
for  departments  of  medicine,  70  percent  were  in  those  locations. 
The  remainder  were  in  inherently  shared-access  facilities,  the 
most  commo  #  oZ  which  were  department -managed  common  laboratories. 
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Costly  instrument  systems  were  more  likely  to  be  located 
in  shared  facilities  than  were  those  with  lower  purchase  costs. 
About  two-thirc.s  of  instruments  costing  between  $75,000  and  $1 
million  were  in  shared  facilities,  compared  to  about  one-tnird 
of  those  costing  from  $10,000  to  $24,993.    Graduate  schools 
tended  to  have  higher  proportions  of  their  most  costly  instruments 
in  shared  facilities  than  did  medical  schools,  as  did  somewhat 
more  of  the  public  institutions  than  the  private  institutions. 

Older  instruments  were  more  likely  to  be  located  in 
shared  facilities.    Overall,  41  percent  of  the  instruments  over 
10  years  old  were  so  located,  compared  to  32  percent  of  those  5 
years  old  or  less.    Th  s  pattern  appeared  consistently  in  the 
biological  science  subfields,  but  did  not  apper .  at  ell  in 
departments  of  medicine. 

Only  17  percent  of  instruments  in  the  biological  sciences 
were  dedicated  to  specific  exper/aents  or  series  of  experiments, 
the  remainder  being  available  for  general  use.    This  proportion 
of  dedicated  equipment  was  about  half  that  for  most  other  fields 
of  science. 

The  average  number  of  users  for  instrument  systems  in 
the  biological,  sciences  was  about  12  per  instrument  for  general 
purpose  instruments  and  about  7  for  dedicated  instruments.  It 
was  lower  for  instruments  in  departments  of  medicine.  The 
biological  sciences  had  fewer  users  per  instrument , than  all 
other  fields  of  science  except  agriculture.    The  moat  costly 
instruments  in  the  biological  sciences  (those  costing  between 
$75,000  and  $1  million)  had  substantially  more  users  per 
instrument  than  those  in  lower  cost  categories. 
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The  more  costly  instrument  systems- (over  $75,000)  were 
very  likely  to  have  been  used  by  investigators  from  outside  the 
department,  and  even  from  outside  the  institution*    There  was 


experiments.    The  percentages  of  instruments  used  by  researchers 
from  within  the  same  department,  by  graduate  and  medical  students 
and  postdoctcrates,  and  by  members  of  other  departments  in  the 
same  institution  —  all  indicate  an  impressive  amount  of  cross- 
usage  of  instruments.    Additionally,  a  high  percentage  of  instruments 
are  located  in  inherently  shared-access  facilities,  and  ther^  is 
especially  widespread  use  of  the  most  expensive  instruments. 
Thus,  one  can  conclude  that  in  academic  sciences  sharing  of 
equipment  is  the  rule  and  not  the  exception. 


also  a  tendency. for  state-of-the-art  instruments  to  be  used  by  a 
wider  ra*»ge  of  users  than  equipment  not  considered  state-of-the- 
art. 


In  the  biological  sciences,  considerable  sharing  routinely 
takes  place,  especially  with  instruments  not  dedicated  to  specific 
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9.     MAINTENANCE  AND  REPAIR 

The  effective  cost  of  research  instrumentation  extends 
beyond  original  acquisition  cost.    The  quality  of  an  instrument's 
performance  and  its  longevity  depend  on  adequate  maintenance 
practices  throughout  its  working  life.    A  number  of  questions 
relating  to  the  quality  and  costs  of  maintenance  and  repair 
(M&R)  were  asked  in  the  survey  of  both  department  heads  and 
users  of  instruments.    This  chapter  presents  the  findings  on  M&R 
for  the"  biological  and  medical  sciences. 


9.1.  Assessment  of  m&R  Facilities 

Department/facility  heads  assessed  the  instrumentation 
support  services  available  to  their  departments,  including  such 
facilities  as  electronics  and  machine  shops.    Their  evaluations 
are  reported  in  Table  9-1. 

Overall,  only  16  percent  regarded  their  facilities  as 
excellent,  and  nearly  50  percent  reported  insufficient  or  non- 
existent facilities.    The  patterns  of  response  among  the  depart- 
ments were  quite  varied.    Departments  of  molecular/cellular 
biology  and  physiology/biophysics  assessed  32  percent  of  their 
M&R  facilities  as  excellent.    Departments  of  food/nutrition, 
however,  could  find  no  facilities  to  rate  as  excellent,  while 
for  botany  and  pathology  there  were  only  6  percent  and  8  percent 
respectively,  of  excellent  facilities.    Thirty-eight  percent  of 
the  pharmacology/  tccicology  departments  reported  *.hat  they  had 
no  M&R  facilities  at  all. 
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Only  6  percent  of  the  departments  of  medicine  viewed 
their  M&R  facilities  as  excellent,  but  64  percent  stated  that 
they. .wore  adequate,  for  a  total  of  .70  percent  rated  adequate  or 
better.    All  departments  of  meu.  .ine  reported  that  they  had  some 
kind  of  M&R  facility.    The  biological  sciences  as  a  whole  had  a 
less  satisfactory  view  of  their  M&R  facilities,  with  a  total  of 
50  percent  having  adequate  or  better  facilities  and  18  percent 
reporting  none  at  all. 

Private  institutions  rated  30  percent  of  their  facili- 
ties as  excellent,  a  much  larger  proportion  than  the  9  percent 
for  public  institutions.    Private  institutions  also  reported  a 
higher  proportion  of  departments  vithout  M&R  facilities  —  22 
percent  to  16  percent. 


9.2  The  Costs  of  M&R 

It  has  already  been  shown  (Table  4-1)  that  §35.7  million 
was  spent  for  M&H  in  FY  1983  by  academic  departments  and  facilities 
in  the  biological  and. medical  sciences,  compared  to  $158.2  million 
in  reported  purchases. by  the  same  departments  and  facilities  for 
items  of  research  equipment  costing  ?500  or  more.    This  amounted 
«o  22.5  cents  spent  on  M&R  for  every  dollar  spent  to  acquire  new 
equipment  in  that  year. 

There  are  several  facets  of  expenditures  for  M&R. 
They  may  be  described  as:     (1)  costs  of  services  provided  by 
sources  outside  the  institution  —  i.e.,  service  contracts  and 
field  service  as  needed;  (2)  salaries  for  university-employed 
M&R  personnel;  and  (3)  costs  of  supplies,  equipment,  and  facili- 
ties used  for  M&R  within  the  department. 
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The  mean  expenditure  per  .department  for  all  these 
costs  was  $30,200  in  FY  1983,  of  which  nearly  two-thirds  was 
spent  for  outside  services,  as  shown  in  Table  9-2.    There  was 
considerable  variation  by  department  in  mean  expenditure.  Among 
the  biological  sciences ,  the  largenc  mean  expenf/.tures  were 
found  for  general  biology  ($36,200),  physiology/biophysics 
($35,900) ,  and  molecular/  cellular  biology  ($35,70u).    The  small- 
est mean  expenditures  were  made  by  food/nutrition  ($15,100), 
botany  ($16,900*    and  microbiology  ($17,300). 

The  biological  science  departments  also  varied  in 
their  relative  use  of  oatside  services  as  opposed  to  university- 
based  M&R  staff  and  facilities.    While  the  overall  proportion 
spent  by  biological  science  departments  for  outside  services  was 
62  percent  of  M&R  funds,  departments  of  zoology/entomology  used 
only  38  percent  of  their  funds  for  outside  services,  with  the 
remainder  going  into  university  staff  salaries  and  the  supplies 
and  facilities  used  by  those  staff  members.    Similarly,  for 
physiology/biophysics  47  percent  went  into  outside  services.  At 
the  other  end  were  botany  (80  percent  for  outside  services), 
pharmacology/ toxicology  (77  percen.),  and  microbiology  (73  percent). 

M&R  expenditures  for  departments  of  medicine  were 
quite  different  from  those  for  the  biological  sciences,  averaging 
$=19,700  per  department,  compared  to  $25,800  for  graduate  schools 
and  $31,300  for  biological  sciences  in  medical  schools.  More- 
over, departments  of  medicine  relied  on  outside  services  more 
heavily,  spending  76  percent  of  their  M&R  funds  for  this  purpose 
compared  to  62  percent  for  the  biological  sciences.    The  larger 
mean  expenditure  for  departments  of  medicine  can  be  traced  to 
their  greater  size;  there  were  more  than  twice  as  many  instru- 
ments in  use  per  department  for  departments  of  medicine  as  there 
were  for  the  average  biological  sciences  department.    The  differ- 
ential in  mean  expenditures  disappears  when  this  factor  is 
controlled. 
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Private  institutions  spent  50  percent  more  per  depart- 
ment on  M&R  than  public  institutions*    Sixtyjseven  percent  of 
their  M&R  expenditures  went  into  outside  services,  compared  to 
60  percent  for  public  institutions. 

The  methods  of  providing  M&R  service  are  presented  in 
more  detail  in  Table  9-3.    These  data,  and  those  for  the  remain- 
ing tables  in  this  chapter,  were  supplied  by  instrument  users  on 
the  Instrument  Data  Shaat.    As  shown  in  Table  9-3,  39  percent  of 
the  instrument  systems  were  maintained  ur*3er  service  contract* 
Field  service  as  needed  was  employed  for  27  percent  of  '„he  instru- 
ments, university-based  M&R  staff  serviced  10  percent,  and  research 
personnel  handled  8  percent*    Overall,  17  percent  of  the  systems 
did  not  have  service  contracts  *nd  did  not  require  any  servicing 
during  the  year* 

About  50  percent  of  the  instruments  used  in  microbiology 
and  molecular/cellular  biology  were  under  service  contract, 
whereas  only  9  percent  of  those  in  food/nutrition,  18  percent  of 
those  in  zoology/entomoicgy,  and  23  percent  or  those  in  physiology/ 
biophysics  had  service  contracts*    Food/nutrition  tended  to  use 
local  ,M&R  staff  and  research  personnel  instead  of  service  contracts 
to  perform  the  necessary  service,  and  zoology/entomology  often 
used  field  service*    In  both  these  subfields,  about  30  percent 
of  their  instruments  required  no  service  at  all*  Physiology/ 
biophysics  also  used  university  staff  and  research  per. -ns  more 
frequently  than  other  subfields  instead  of  service  contracts* 

There  were  essentially  no  differences  between  depart- 
ments of  medicine  and  the  biological  sciences  in  patterns  of  M&R 
servicing*    Private  institutions,  however,  tended  to  use  service 
contracts  and  field  services  about  23  percent  more  often  than 
public  institutions* 
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I0O 

44 

It 

23 

t 

3 

FUIL1C 

100 

34 

16 

29 

10 

10 

(1)  P2RC5NTJ  NAT  NOT  3UH  TO  I0O  lECAUSE  OF 

ROUXOINC. 

(2)  IF  HO RE  THAN  ONE  TORR  OF  SERVICING  HAS  USED  IN  1883.  THE  INSTRUMENT  STSTER  HAS  ASSIGNED  TO 
THE  FIRST-LISTED  CATEGORY  THAT  APPLIED. 
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Relationship  of  Means  of  Servicing  -to  Working  Condition 


In  Table  9-4,  an  analysis  Jx  presented  of  the  propor- 


tion of  instruments  in  excellent  working  condition  by  the  means 
used  to  service  the  instrument  in  JL983,  with  "age  of  equipment 
held  constant.    It  has  already  been  shown  (Figure  6-3)  that  a 
strong  relationship  exists  between  tb*  age  of  an  instrument  and 
its  working  condition;  this  relationship  is  also  reflected  in 
Table  9-4,    Within  each  age  category,  however,  there  'ieems  to  be 
little  difference  in  proportion  of  instruments  in  excellent 
condition  between  those  under  service  contract  and  those  receiv- 
ing MfcR  by  any  other  means.     (The  category  No  Service  Required, 
of  course,  is  excluded  in  this  Analysis.) 

This  lack  of  relationship  between  1983  means  of  ser- 
vicing and  1983  working  condition,  while  interesting,  does  not 
necessarily  imply  a  wider  lack  of  relationship  between  an  instru- 
ment's history  of  M&R  and  its  mechanical  longevity.  Longitudinal 
data  would  be  required  for  the  examination  of  such  cause-and- 
ef.fect  relationships. 

9 . 4  M&R  Costs  and  Age  o£  Instruments 


medical  sciences  costs  more  after  the  instrument  is  over  five 
years  old,  according  to  Table  9-5.    Overall,  the  mean  expendi- 
ture per  system  for  M6R  in  FV  J.9E3  was  $900  for  systems  irom  1 
to  5  years  old,  $1,400  for  those  between  6  anil  10  years  eld,  and 
$1,300  for  those  11  years  and  older.    The  pat-tern  of  lower  M&R 
costs  during  the  first  five  years  held  true  .for  All  subfieJ  *s. 


M&R  for  an  instrument  system  In  the  .biological  and 


9-8 


ERIC 


858 


PERCENT  Cp  1N-USE  ACaDEMC  RESEARCH  INSTRUCT  SYSTEnS  THAT  ARC  IN  ElCEUENT  UORMNt  CGNOlllOM. 
BY  SfSIEfl  ACCI  810L0CICAL  AND  MOlC'l  ICltNCtS 

PERCENT  OF  IN-USC  SYSTEM  IN  EJCELLEnT  UORX1NC 
CONDITION*  Ill  IT  SYS1EH  ACE 


TOTAL.  SELECTED  FIELDS 


PRINCIPAL  HCAR9  OF 
SERVICING  (2) 


TOTAL 


1-3  YEARS 
11171-83) 


4-10  YEARS 
(1174-78) 


11*  YEARS 
ttErORE  1174) 


321 


711 


SERVICE  COrftRACT  41 

NO  SERVICE  RC2V/RED  76 

FIELD  SERVICE.  AS  SEEDED  31 

UNI  VERS ITY-EKIXOYED  3* 
nAINTENANCE/Xt7AlR  Stuff 

RESEARCH  PERSONNEL  44 
(FACVLTY.  P03T-00CS. 
CXADV'ATE  STUDENTS) 

III  tASCO  ON  USER  CHARACTERIZATION. 


88 

71 
36 


40 
44 
31 
21 


28 
40 
24 
22 


52 J  IF  tan  than  owe  roftn  or  servicinc  mas  used  in  nts.  the  instrument  syste.i  mas  assicneo 

TO  THE  FIRST-LISTED  CATEGORY  THAT  APPLIED. 
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«»■  t  mousse  n  mi  rex  stiTW  wi  ^mtuxt  *o  tent*  c*  i»-«t  acauhic  nsa*cn 
inixvKtxT  ststcxs.  tr  mid  acii  ti&rc.at  u»  «tnc*t  sctt»a* 


*o  itr*i*.  tr  jt$t»  acc 


1-3  TtUtI 
1 1  Til -Ml 


II*  TUXS 
•  ttfCtt  I17»l 


total.  aucTU  rmst 
svtriCtt  c*  «ts&xoi 

SIKKfllSTXT 

maretictecr 

ftOUCVLAft/CTUUlAX  IttVCCT 

rim  i  bloct  /i  i  enm  I  cj 


»*mcwrr 

f  KMMCCUCT/Tfl  1 1  CCX.CC  T 

XC55.C5T/WTW»aCCT 

I8TUT 

tK9  M»  HUT*  I  TICK 

•  iircct.  ztnm  up  *,t.c. 
rUical  Kiwai/Mrn.  rco 
imnisciiriMAT.  n.t.c. 

FltLi  AX9  3ZTTIK 


I. 009 
1.700 
1.709 

100 

I. MO 

i.too 

I.  ISO 
TOO 

too 
too 

1.708 
1. 100 
2.000 


too 

100 

too 


I.0C0 
1.100 


390 
1.300 
1.200 
I.  ICO 


1.300 
1.100 
I.*00 
I. MO 
Z.KO 
1.440 
1.300 
1*860 
1.163 
300 
I  tSCO 
2.000 

i.too 


1.160 

i.too 

1.400 

wo 

2.100 
1.100 

700 

i.too 
too 

1.000 
2.100 
1.000 
3.  tOO 


IIR.C5 1 CAL  1C1£«C11.  TBtAl 
CXA9UATC  SOCCLS 
FOCAL  JCttSLl 

evAXT^tJiTs  zr  noicuc 

ZttTlTUTlO*  CC»J»3L 


MlVATT 
PVKIC 
STtrW  rvffCHAtt  COST 


uo.oco-i2i.in 

•23 . 000- 1 7 1,  in 
tr3.000-tl.OCO.030 

MiRcirAL  nun  tr 

ItftVICIftS  113 


1.109 

t.coo 

I.2C0 
1.M0 

1.303 
1.100 


I. ICO 
4.J30 


103 
1.109 


1.339 
1.330 
1.300 
1.403 

1.300 
1.300 


t.wo 

4.2C0 


I.IC3 

1. 200 
1.300 

i.eco 

1.300 
1.309 

7C3 
2.IC9 
4.300 


stxviet  csm*CT 
«o  stsvzcx  «trji«o 
naa  stxvia.  *i  «ttHt 

giIVlWllT«iMX31lB 

*!3X*ft€n  ftWCwtL 
«r*a-LTT.  r3JT-e«3. 

C*A0VAT(  STUCfJTSI 


J.3C0 
0 

t03 
SCO 

333 


1. 000 

too 


CI!  If  K*l  Tna«  3*t  fCt*  Of  S(ftVlCl<*C  KA3  «SD  |N  Hf3.  T«  jHITtyrtHT  STSTCff  >M3  aSIICxCS 
13  TKf  r;MT-LlSTC3  CATCCCftT  that  */rt:c3. 
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The  mean  expenditure  for  all  instruments  was  $1,100. 
The  subfields  with  the  lowest  M&R  expenditures  were  food/nutrition 
($600),  zoology/entomology  ($700) ,  botany  ($800),  and  physiology/ 
biophysics  ($900).    The  highest  expenditures  were  made  by  general 
biology  ($1,700)  and  pathology  and  anatomy  ($1,600  each). 

Departments  of  medicine  and  biological  sciences  had 
nearly  the  same  mean  expenditures.    Private  institutions  spent 
$1,300  per  instrument  on  M&R,  while  public  institutions  spent 
$1,100. 

Large  differences  in  mean  M&R  expenditures  were  found 
for  size  of  instrument  purchase  cost.    For  instrument  systems 
costing  between  $10,000  and  $24,999,  an  average  of  $700  vas 
spent  for  M&R.    The  mean  expenditure  for  those  costing  between 
$25,000  and  $74,999  was  $1,400,  and  for  the  most  costly  instru- 
ments, the  mean  expenditure  was  $6,300.    This  M&R  cost  differen- 
tial was  reflected  in  each  of  the  age  categories,  especially  for 
those  11  years  and  older. 

Service  contracts  were  by  far  the  most  costly  means  of 
performing  M&R  service  with  an  average  of  $2,300  per  iia.-:.rument, 
compared  to  $700  for  field  service,  $600  for  M&R  staff  within 
the  university,  and  $400  for  research  personnel.    The  costs  for 
all  means  of  servicing  increased  with  age  of  instrument,  the 
increment  in  cost  for  instruments  5  years  old  or  less  and  that 
for  instruments  11  years  and  older  being  25  percent  for  service 
contracts,  100  percent  for  field  service,  60  percent  for  M&R 
staff,  and  67  percent  for  research  personnel. 
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9.5  Summary 

Only  16  percent  of  departments  in  the  biological  and 
medical  sciences  considered  their  facilities  for  maintenance  and 
repair  as  excellent,  while  nearly  50  percent  reported  insufficient 
or  nonexistent  facilities.    Departments  of  medicine  were  more 
satisfied  with  their  M&R  facilities  than  were  departments  in  the 
biological  sciences.    All  departments  of  medicine  had  such  faci- 
lities ,  while  18  percent  of  biological  science  departments  did 
not. 

In  FY  1983,  22.5  cents  were  spent  on  M&R  for  every 
dollar  spent  for  new  equipment.    The  mean  expenditure  per  depart- 
ment for  M&R  was  $30,200.    Nearly  t\*o  thirds  of  this  amount  went 
into  service  contracts  and  field  service  as  needed.  Private 
institutions  spent  50  percent  more  per  department  than  public 
institutions. 

Instruments  were  serviced  under  contract  more  frequently 
than  by  any  other  means,  followed  by  field  service.    No  servicing 
was  required  for  17  percent  of  tie  instruments.  Negligible 
differences  were  found  in  the  proportions  of  instruments  in 
excellent  working  condition  between  instruments  under  service 
contract  and  those  maintained  by  other  means,  when  age  of  instru- 
ments was  held  constant. 

The  amount  spent  per  instrument  tor  M&R  rose  after  the 
instrument  became  six  years  old.    While  the  overall  mean  expendi- 
ture per  instrument  was  $1,100,  it  was  $900  for  those  between  1 
and  5  years  old,  and  over  $1,300  for  those  over  5  years  of  age. 
The  mean  M&R  expenditure  for  instruments  costing  from  $75,000  to 
$1  million.  $6,300,  was  far  more  than  the  $700  expended  for 
those  costing  between  $10,000  and  $29,999.    Service  contracts 
cost  an  average  of  $2,300  per  instrument,  compared  to  $700  for 
field  service  and  less  for  other  means  of  servicing. 


9-12 


867 


862 


In  comparisons  among  the  biological  science  disciplines, 
those  with  the  most  favorable  (and  satisfactory)  M&R  resources 
were  consistently  molecular/cellular  biology  and  physiology/ 
biophysics ,  followed  by  general  biology.    The  least  satisfactory 
was.  food/nutrition. 
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10.  SUMMARY 

10.1  Overview 

The  results  of  this  study  .•  idicate  that  there  are 
deficiencies  in  the  current  levels  of  instrumentation.  The 
extent  of  the  deficiencies  varies  significantly  among  the  sub- 
fields  of  research.      More  advanced  instrumentation  is  needed  to 
allow  investigators  to  perform  critical  experiments  which  cannot 
now  be  adequately  conducted.    Better  maintenance  and  repair 
facilities  are  needed.    Although  18  percent  of  che  current 
national  stock  of  equipment  is  considered  state-of-the-art,  that 
status  is  lost  very  rapidly;  the  need  for  upgrading  is  continuous 
and  of  the  highest  importance. 

10.2  Department-Level  Findings 

More  than  half  of  the  heads  of  departments/facilities, 
in  assessing  the  needs  and  priorities  of  their  departments, 
stated  that  critical  scientific  experiments  could  not  be  con- 
ducted because  their  departments  lacked  appropriate  instrumenta- 
tion.   This  was  more  often  stated. for  the  biological  sciences 
than  for  departments  of  medicine,  and  for  public  institutions 
than  for  private  institutions. 

The  capability  of  existing  research  equipment  to  enable 
researchers  to  pursue  their  major  research  interests  was  rated 
excellent  for  tenured  faculty  by  only  one-sixth  of  the  departments, 
while  more  than  one-fourth  rated  their  capability  as  insufficient. 
The  proportion  lated  insufficient  for  untenured  faculty  was 
one-third.    More  than  twice  as  many  graduate  school  departments 
as  departments  in  medical  schools  answered  "insufficient, 4  how- 
ever, and  three  times  as  many  departments  in  public  institutions 
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as  in  private  institutions  did  so.    Compared  with  other  fields 
of  science ,  the  biological  sciences  as  a  whole  had  a  more  favor- 
able assessment  of  their  current  stock  of  equipment  than  any 
other  field,  but  this  was  primarily  due  to  medical  schools.  For 
biological  science  departments  in  graduate  schools,  the  degree 
of  insufficiency  matched  that  given  by  graduate  school  depart- 
ments in  other  fields,  such  as  physical  sciences  and  engineering. 

Although  these  assessments  are  based  not  on  quantitative 
data  but  rather  on  informed  opinion,  the  consistency  with  which 
some  large  groups  report  more  inadequacies  than  other  groups 
indicates  a  widespread  perception  of  a  problem. 

If    icr eased  Federal  funding  were  available  for  pur- 
chase of  research  equipment,  two-thirds  of  heads  of  departments/ 
facilities  would  put  funds  into  instruments  costing  between 
$10,000  and  $50,000,  while  another  20  percent  desired  instruments 
costing  between  $50,000  and  $1  million.     Private  institutions 
preferred  more  instruments  in  the  upper  range  than  public  insti- 
tutions.   In  other  fields  of  science,  there  was  more  of  a  need 
for  $50,000  to  $1  million  instruments  than  v/as  found  in  the 
biological  sciences,  and  even  for  systems  costing  above  $1  million 
—  which  none  of  the  department  heads  in  the  biological  sciences 
mentioned  as  a  top  priority  need. 

When  asked  to  list  the  three  research  instruments 
costing  between  $10,000  and  $1  million  that  were  most  urgently 
needed,  department  heads  often  listed  various  types  of  preparative 
instruments.    For  most  disciplines,  these  were  the  most  frequently 
needed  items.    Nearly  80  percent  of  the  instruments  mentioned 
were  in  categories  where  the  median  cost  of  the  instrument  was 
under  $75,000.    Instruments  with  a  median  cost  over  $100,000 
that  were  mentioned  most  frequently  were  electron  microscopes 
and  NMRs. 
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A  total  of  $158  million  was  spent  on  research  equipment 
costing  over  $500  in  FY  1983  by  the  biological  sciences  and 
departrents    €  medicine,  with  an  additional  $36  million  spent  on 
maintenance  and  repair  of  research  equipment.    The  mean  amount 
spent  for  research  equipment  in  FY  1983  was  $48,000  per  annual 
i  uoctoral  degree  awarded.    The  mean  amount  per  faculty-level 

researcher  was  $5,900.    Medical  schools  spent  about  twice  the 
amount  per  doctoral  degree  and  researcher  as  graduate  schools, 
and  private  institutions  considerably  more  than  public  institutions, 

10,3  The  National  Stock  of  P 'ademic  Research  Equipment 

There  were  over  21,000  instrument  systems  in  the  current 
inventories  of  the  biological  sciences  and  departments  of  medicine, 
with  an  aggregate  purchase  cost  of  $555  million.    In  terms  of 
constant  1982  dollars,  the  cost  of  these  instruments  is  estimated 
at  $863  million.    The  biological  sciences  had  more  instrument 
systems  than  any  other  field  of  academic  science,  but  the  me«.» 
cost  per  instrument  system  ($27,000)  was  the  lowest  for  any 
field  except  agricultural  sciences. 

About  three-fourths  of  all  presently  existing  academic 
research  instruments  in  the  biological  and  medical  sciences  cost 
between  -#10,000  and  $25,000.    Only  5  percent  cost  between  $75,000 
and  $1  million,  but  they  accounted  for  one-fourth  of.  all  funds 
spent  for  equipment.    Mean  dollar  amount  of  research  instrumenta- 
tion per  researcher  in  the  biological  sciences  was  about  $21,000, 
but  the  amount  in  medical  schools  per  researcher  was  50  percent 
higher  than  in  nonmedical  schools.    For  departments  of  medicine, 
the  mean  equipment  investment  per  researcher  was  $15,000.  Mean 
aggregate  equipment  cost  per  doctoral  degree  awarded  in  1982-83 
in  the  biological  sciences  was  $143,500,  but  for  medical  schools 
that  cost  was  more  than  twice  as  much  as  for  nonmedical  schools. 
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Private  institutions  had  higher  investments  per  researcher  and 
per  graduate  degree  than  public  institutions-* 

State-of-the-art  instruments  constituted  18  percent  of 
the  national  stock  in  1983,  although  the  percentage  was  larger 
in  private  institutiors  than  public  institutions.    Another  65 
percent  were  in  active  research  use,  although  not  classified  as 
state-of-the-art.    Instruments  that  were  not  in  active  use 
because  of  technological  obsolescence  or  inoperable  mechanical 
condition,  but  that  were  still  physically  present  at  the  insti- 
tution, constituted  another  16  percent  of  the  national  stock. 
Departments  of  medicine,  however,  had  twice  as  large  a  percentage 
of  obsolete  or  inoperable  instruments  on  cheir  inventories  as 
the  biological  sciences. 

10.4  Age  and  Condition  of  Academic  Research  Equipment 

For  all  instruments' in  the  national  stock,  44  percent 
were  from  one  to  five  years  old,  and  27  percent  were  over  10 
years  old.    Omitting  the  inactive  systems  from  consideration, 
the  proportion  of  instruments  aged  1  to  5  years  was  50  percent, 
and  22  percent  were  over  10  years  old.    For  instrument  systems 
that  were  in  active  research  use,  departments  of  medicine  had  a 
higher  proportion  of  newer  instruments  than  did  the  biological 
sciences,  and  private  institutions  had  a  higher  proportion 
than  public  institutions,    instruments  in  the  biological  sciences 
were  somewhat  older  than  those  in  other  fields  of  science. 

Most  of  the  state-of-the-art  instruments  in  1983  were 
relatively  new.  Fifty  percent  of  instruments  purchased  in  1983 
wire  state-of-the-art,  but  of  those  purchased  two  years  earlier 
(in  1981),  onxy  37  percent  were  still  considered  state-of-the- 
art.  Six-year-old  instruments  were  classified  as  state-of-the- 
art  only  13  percent  of  the  time.    Altogether,  85  percent  of  the 
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state-of-the-art  instruments  were  from  1  to  5  years  old,  and 
only  3  percent  were  over  10  years  old.  _ 

About  half  of  all  instrument  systems  actively  in  use 
for  research  were  in  excellent  working  condition.    As  would  be 
expected,  there  is  a  relationship  between  working  condition  and 
age  of  the  instrument.    Thus  78  percent  of  instruments  from  1  to 
3  years  old  were  in  excellent  condition;  of  the  instruments  4  to 
6  years  old,  57  percent  were  in  excellent  condition;  and  of 
those  10  to  12  years  old,  only  26  percent  were  rated  as  excellent. 
Accompanying  this  decline  in  operating  condition  with  age  of 
instrument  was  the  "retirement"  of  instruments  as  they  got  older. 
In  the  biological  sciences,  60  percent  of  instruments  that  were 
inactive  (presumably  because  of  mechanical  or  technological 
obsolescence)  were  over  10  years  old. 

Of  the  state-of-the-art  systems,  which  were  relatively 
new,  85  percent  were  considered  to  be  in  excellent  condition. 
Only  44  percent  of  those  not  considered  state-of-the-art  were  in 
excellent  condition,  however.    These  "other"  systems  were  con- 
siderably older  and  they  constituted  nearly  80  percent  of  all 
equipment  in  active  use. 

A  substantial  amount  of  other  than  state-of-the-art 
equipment  is  to  be  expected.    Much  of  laboratory  research  does 
not  require  the  most  advanced  instrumentation.    A  problem  arises, 
however,  when  investigators  using  non-state-of-the-art  equipment 
do  not  have  access  to  more  advanced  equipment  when  needed.  This 
problem  was  found  frequently;  nearly  half  of  the  non-state-of- 
the-art  instruments  in  research  use  were  the  most  advanced 
instruments  of  their  kind  to  which  users  had  access.  This 
situation  is  an  obstacle  for  investigators  attempting  to  engage 
in  more  sophisticated  research.    The  entire  research  effort  in 
the  biological  sciences  is  hindered  when  problems  such  as 
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mechanical lj  unreliable  equipment  and  lack  of  access  to  advanced 
instrumentation  become  prevalent.  _ 

10.5  Funding  of  Equipment  in  Active  Research  Use 

Almost  all  research  instruments  (94%)  in  the  biological 
sciences  and  departments  of  medicine  were  acquired  new.  Sources 
of  funding  were  evenly  split  between  Federal  and  non-Federal 
sources  for  the  biological  sciences,  but  for  departments  of 
medicine ,  nearly  two- thirds  of  the  funds  came  from  non-Federal 
sources.    For  private  institutions,  a  larger  proportion  of  equip- 
ment funds  came  from  Federal  sources  than  was  the  case  for  public 
institutions. 

NIH  was  the  principal  source  of  Federal  funds  for 
acquisition  of  research  equipment  in  the  oiological  and  medical 
sciences,  contributing  44  percent  of  all  funds  for  medical  schools 
and  31  percent  for  graduate  schools.    NSF  was  the  only  other 
major  Federal  source,  contributing  more  to  graduate  schools 
than  to  medical  schools.    The  institutions  were  the  major  source 
of  non-Federal  funds.    State  governments  and  private  foundations 
gave  only  small  amounts  for  research  equipment.  The  amount 
contributed  by  business  and  industry  for  equipment  was  negligible. 

NIH  funds,  whilti  accounting  for  38  percent  of  all 
equipment  purchases,  contributed  47  percent  of  the  support  for 
purchases  of  instruments  in  the  $10,000  to  $25,000  range,  but 
only  28  percent  of  the  dollar  support  for  existing  equipment 
costing  $75,000  or  more.    Institutions,  however,  which  contributed 
37  percent  of  all  funds  for  equipment,  purchased  31  percent  of 
the  instruments  costing  under  $25,000  and  41  percent  of  those 
costing  $75,000  or  more.    NSF-supported'  purchases  for  equipment 
followed  the  same  pattern  as  that  for  institutions. 
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Sixty  percent  of  all  biological  science  instruments 
received  full  or  partial  Federal  funding,  compared  to  48  percent 
of  those  in  departments  of  medicine. 

-0.6  Location  and  itee  of  Academic  Kesearch  Equipment 

About  65  percent  of  all  equipment  in  the  biological 
sciences  and  70  percent  in  departments  of  medicine  was  located 
in  the  laboratories  of  individual  investigators.    The  remainder 
was  in  inherently  shared-access  facilities,  mostly  department- 
managed  common  laboratories.    Costly  instruments  were  frequently 
located  in  the  inherently  shared-access  facilities;  this  held 
true  to  a  greater  extent  for  graduate  schools  than  for  medical 
schools,  and  for  public  institutions  than  for  private  institutions. 
Older  instruments  were  also  more  likely  to  be  located  in  inherently 
shared-access  facilities. 

Location  of  instruments  within  laboratories  of  individual 
investigators  did  not  necessarily  mean  that  they  were  not  shared. 
The  mean  number  of  users  of  all  instruments  was  11  per  instrument. 
The  large  majority  of  instrument  systems  were  available  for 
general  purposes,  as  opposed  to  being  dedicated  for  specific 
experiments*    For  these  general  purpose  instruments,  the  mean 
number  of  users  was  almost  12  per  instrument. 

About  95  percent  of  all  instruments  in  the  biological 
sciences  were  used  by  faculty  within  the  same  department,  and  85 
percent  were  also  used  by  graduate  students,  medical  students, 
and  postdoctorates  from  the  departments.    Additionally,  36  percent 
were  used  by  faculty  from  other  departments  in  the  institution. 
Researchers  from  other  universities  and  nonacademic  researchers 
used  the  more  costly  instruments  far  more  frequently  than  the 
lower-cost  ones;  this  held  true  also  for  researchers  from  other 
departments  at  the  same  institution. 
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The  average  instrument  in  an  investigator* s  laboratory 
is  freely  accessible  to  other  research  investigators,  as  evi- 
denced by  the  numbers  of  users  and  the  origins  of  users.  Fron, 
this  conclusion,  together  with  the  35  percent  of  all  instruments 
located  in  facilities  that  are  —  by  their  very  nature  —  shared- 
access,  it  is  evident  that  sharing  of  research  equipment  is 
common  in  academic  facilities. 


10.7  Maintenance  and  Repair 

Nearly  50  percent  of  department/facilities  heads  assessed 
their  mainte.wice  and  repair  (M&R)  facilities  as  either  insuffi- 
cient or  nonexistent.    Overall,  only  16  percent  regarded  their 
facilities  as  excellent.    In  private  institutions,  however,  30 
percent  rr.tcd  their  facilities  as  excellent,  compared  to  9  percent 
for  public  institutions. 

M&R  expenditures  in  FY.  1983  were  $35.7  million,  which 
amounted  to  22.5  cents  spent  for  M&H  in  that  year  for  every  dollar 
spent  to  acquire  new  equipment. 

The  mean  expenditure  per  department  for  MfiR  in  FY  1983 
was  $30,200.    Nearly  two-thirds  of  that  expenditure  was  used  for 
outside  services,  i.e.,  service  contracts  or  field  services  as 
needed. 

For  instruments  in  research  use  during  1983  the  mean 
MfiR  expenditure  was  $1,100,    Instruments  that  were  from  1  to  5 
years  old,  however,  had  a  mean  M&R  expenditure  of  $900,  compared 
to  over  $1,300  for  those  more  than  5  years  old.    The  original 
purchase  cost  of  instruments  gave  rise  to  the  largest  differences 
in  mean  M&R  expenditures:    for  those  costing    -*der  $25,000  the 
mean  M&R  outlay  was  $700  in  1983;  for  those  costing  between 
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$25 , 000  and  $74,999  it  was  $1,400;  and  for  those  costing  between 
$75,000  and  $1  million  the  mean  1983  expenditure  for  M&R  was 
$6,300. 

Service  contracts  cost  an  average  of  $2,3u0  per  instru- 
ment, compared  to  $700  for  field  service  and  less  for  other  means 
of  servicing.    Tney  were  used  to  maintain  39  percent  of  the 
instruments.    An  additional  27  percent  of  the  instruments  were 
given  field  service  as  needed.    Research  personnel  and  university- 
based  M&R  staff  performed  this  service  for  18  percent  of  the 
instruments.    The  remaining  17  percent  neither  had  service  con- 
tracts nor  required  M&R  in  1983. 


10. 8  Group  Comparisons 

Thus  far,  findings  have  been  summarized  with  respect 
to  topic  areas.    In  addition,  numerous  differences  were  observed 
among  groups  of  institutions,  among  subfields  of  research  within 
the  biological  and  medical  sciences,  and  between  the  biological 
sciences  and  the  other  fields  of  science  encompassed  in  the 
larger  two-year  study  cf  academic  research  equipment.  These 
group  comparisons  are  briefly  summarized  here. 

10.8.i       Differences  Among  Institutions 

(1)    Medical  and  graduate  (nonmedical)  schools.  Levels 
of  investment  in  research  instrumentation  were  substantially 
higher  for  medical  schools  than  for  other  academic  institutions. 
For  all  indices  examined  —  equipment  per  institution,  per  instru- 
ment, per  faculty- level  researcher,  per  doctoral  degree  awarded  — 
medical  schools  had  larger  instrumentation  investments,  both 
aggregate  and  current,  than  graduate  (nonmedical)  schools. 
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(2)    Private  and  public  institutions.    Privately  con- 
trolled institutions  consistently  showed  an  advantage  over  public 
institutions  on  a  number  of  important  dimensions.    Their  research 
instruments  generally  cost  more,  were  newer,  and  were  better 
able  to  meet  research  needs.    Private  institutions  also  had 
better  maintenance  facilities. 


10.8.2       Differences  Among  Subfields  of  Research  in  the 
Biological  Sciences 

Certain  subfields  of  research  stand  out  from  the  others 
in  some  characteristics.    A  brief  summary  of  major  differences 
follows. 

Biochemistry  had  the  largest  number  of  instruments 
costing  over  $10,000  —  nearly  4,500.    It  also  had  a  higher 
proportion  of  instruments  funded  by  Federal  agencies  than  any 
other  subfield. 

In  many  respects,  molecular/cellular  biology 
appeared  to  be  the  best  equipped  research  subfield.    It  had  the 
second  largest  number  of  instruments,  2,900.    In  percentage  of 
instruments  in  excellent  working  condition,  it  xanked  very  high. 
Department  heads  in  this  discipline  were  more  satisfied  with  the 
quality  of  their  current  instrumentation  than  in  any  other  sub- 
field.    Equipment  expenditures  per  faculty  researcher  in  1983 
exceeded  by  a  large  amount  those  .fox  all  other  disciplines. 

Anatomy  and  pathology  were  two  of  the  smaller 
subfields  in  numbers  of  instruments.    TEhey  had  the  highest  costs 
per  instrument,  $32,000  and  $3J,000  raspectivedy.    Both  subfields, 
particularly  anatomy,  also  had  unusually  high  proportions  of 
instruments  over  10  years  old  in  active  .research  use. 
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Zoology,  botany,  and  food/nutrition  were  disciplines 


found  almost  entirely  in  nonmedical  subdivisions  of  universities. 
They  were  the  three  subfields  with  the  smallest  numbers  of  instru- 
ments.   Very  high  proportions  of  department  heads  stated  that 
critical  experiments  could  not  be  performed  in  these  disciplines 
because  they  lacked  appropriate  instrumentation.  Food/nutrition 
had  the  lowest  cost  per  instrument  ($22,000)  of  any  subfield, 
the  poorest  maintenance,  and  had,  by  far,  the  lowest  percentage 
of  Federal  funding  for  its  equipment. 

10.8.3       Differences  Between  Departments  of  Medicine  and 
Biological  Science  Fields 


experiment  to  assess  the  feasibility  of  obtaining  instrumentation 
indicators  for  medical  (clinical)  sciences,  apparently  can  pro- 
vide data  on  samples  of  research  instruments  as  easily  as  the 
biological  sciences.    With  respect  to  Department/Facility  Ques- 
tionnaires, however,  it  was  learned  that  some  of  the  larger, 
more  diverse  departments  of  medicine  had  difficulty  in  assembling 
expenditure,  funding,  and  needs  data  for  all  the  clinical  fields 
subsumed  within  their  jurisdictions.    A  better  approach  to 
collecting  such  data  might  be  to  go  directly  to  each  of  the 
component  clinical  programs  or  subunits  of  departments  of  medicine. 

For  most  of  the  analyses  performed  in  this  report, 
departments  of  medicine  (and  presumably,  the  clinical  sciences) 
had  somewhat  different  results  than  the  biological  sciences. 
Departments  of  medicine  apparently  retired  instruments  at  an 
earlier  age  than  did  the  biological  sciences.    Within  medical 
schools,  the  average  costs  of  equipment  per  researcher  were 
nearly  twice  as  large  for  the  biological  sciences  as  for  depart- 
ments of  medicine.    This  difference  on  an  index  of  equipment 
intensity  is  probably  a  function  of  the  kinds  of  research  performed 


Departments  of  medicine,  included  in  the  survey  as  an 
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by  physician-researchers  in  clinical  departments,  compared  with 
those  in  the  basic  biological  sciences.    Whereas  over  half  of 
the  funds  for  purchase  of  equipment  in  the  biological  sciences 
came  from  Federal  agencies,  38  percent  of  equipment  funds  came 
from  those  sources  for  departments  of  medicine.    The  difference 
was  made  up  by  institutional  funds,  indicating  a  possible  difference 
in  institutional  resources  between  the  clinical  and  biological 
sciences.    Departments  of  medicine  also  had  better  maintenance 
and  repair  facilities  than  the  biological  sciences. 


10.8.4       Differences  Between  Biological  Sciences  and  Other 
m  Fields  of  Science 

The  biological  sciences  differed  from  the  other  fields 
of  science  addressed  in  the  survey.    They  accounted  for  38 
percent  of  the  instruments  in  all  the  fields  surveyed;  the  next 
largest  field  was  the  physical  sciences,  with  25  percent  of  all 
instruments.    The  mean  cost  per  instrument  in  the  biological 
sciences  was  $27,000,  compared  to  $41,000  for  the  physical  sciences 
and  $35,000  for  engineering.    Instruments  in  the  biological 
sciences  were  somewhat  older  than  those  in  other  fields,  but 
fewer  instruments  in  the  national  stock  in  biology  were  techno- 
logically or  mechanically  obsolete.    The  average  instrument  in 
the  biological  sciences  was  used  by  somewhat  fewer  investigators 
than  was  the  case  in  other  fields.    The  funding  pattern  for  the 
biological  sciences  was  unlike  that  for  any  other  field,  because 
of  the  prominence  of  NIH  as  a  funding  source  in  the  biological 
sciences:    NIH  directly  contributed  39  percent  of  the  costs  of 
all  academic  instrumentation  in  this  field. 
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A- 8 
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TACL  E  A-3 


DISTRS3UTI0M  OF  AGGREGATE  ;C3TS  SF  ACADEMIC  RSSSaPC"  |NSTPu«E>|T  SYSTEMS  IN 
NATIONAL  STOCK,  BY  SYSTEM  »vRCHA£E  COST  AND  SY  FIELD  t " )  IN 


C  DOLLARS  IN 

MILLIONS] 

-AGGREGATE 

PURCHASE  COST 

AND  PERCENT  OF  C0S7-- 

TOTAL 

MOrOOO- 

i>5, QOO- 

*73p000- 

♦24.9?9 

♦74,999 

*  1  • 000, 000 

TOTAL.   SELECTED  FIELDS 

11630.70 

«463.77 

S320.37 

$646.64 

100X 

2GX 

32X 

40X 

FIELD  OF  RESEARCH 

AGRICULTURAL  SCIENCES 

42.60 

23.33 

14.33 

4  .94 

100X 

*ZX 

3  4  X 

12X 

BIOLOGICAL   SCIENCES.  TOTAL 

471  .29 

1*7.29 

160.13 

1 13.87 

100X 

42X 

34X 

24X 

GRADUATE  SCHOOLS 

186.27 

81  .04 

64.32 

40.91 

- 

:  oox 

33X 

22X 

MEDICAL  SCHOOLS 

293.02 

1 16.23 

93.81 

72.96 

1 002 

41X 

34X 

26X 

ENVIRONMENTAL  SCIENCES 

126.23 

22.24 

36.  C4 

67.93 

1  QQX 

1 

2?X 

34X 

PHYSICAL  SCIENCES 

481 .08 

100.21 

123.94 

227.73 

IOCS 

21X 

32X 

47X 

ENGINEERING 

333.61 

39. *6 

1  11 .99 

132.16 

IOQX 

27X 

34X 

40X 

COMPUTER  SCIENCE 

6C.03 

e.s4 

17.33 

33.93 

100% 

29X 

37X 

MATERIALS  SCIENCE 

37.12 

:.?! 

11 .06 

20.13 

100X 

I6X 

30X 

34X 

INTERDISCIPLINARY,  N.E.C. 

78.02 

16.79 

13.33 

43.89 

100X 

22X 

20X 

39X 

CI  J  ALL  STATISTICS  ARE  NATIONAL   ESTIMATES  ENCOMPASSING  THE   137  LARGEST  ft  &  D 
UNIVERSITIES  AND  THE  92  uAPGEST  R  i  D  MEDICAL  SCHOOLS  IN  THE  NATION    FOR  PhASP 
II  FIELDS  (AGRICULTURAL.  3IClOGZCAL  ANO  ENVIRONMENTAL  SCIENCES^*  ESTIMATES  ARE 
^Mr.D?SEnDER  ,V83'  F0R  *LL  CTHE*  p  IELDS.  ESTIMATES  ARE  AS  OF  DECEMBER  198^ 
SAMPLE   IS  8704  INSTRUMENT  SY5TEHS.  Ut"n"K  ,VB-* 


A- 9 


ERLC 
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TADLC  A-6 

RESEARCH  STAIUS  Or  aCaPEmI*   RESEARCH  INSTRUMENT  SYSTEMS  IK  NATIONAL  STOCK.  CY  F  I  ELD  CI) 


—  MUHlCft  ANO  rE RCEN T  Of  5YS  TEHS"  —  " •  —  - 

 *  SYS1EM  RESEARCH  STATUS  

— — IM  RESEARCH  USE----  NOT  YET  IN  NO  LONGER 
STATE  OF-  RESEARCH      IN  RESEARCH 

1HE-AM  OTHER  USE  USE 


TOTAL*  SELECTEO  f I  ELDS 
P1CLO  Or  RESEARCH 


46767 
1002 


0073 
|72 


61Z 


771 
22 


9522 
20X 


AGRICULTURAL  SCIENCES 
BIOLOGICAL  SCIENCES.   I  ^At 

GRADUATE  SCHOOLS 

MEOICAL  SCHOOLS 
ENVIRONMENTAL  SCIENCES 
PHYSICAL  SCIENCES 
ENGINEERING 
COMPUTER  SCIENCE 
MATERIALS  SCIENCE 
SNTERD1SCK    f NARY »  N.E.C, 


1954 
10  OX 


17633 
100% 


7300 
100X 


10333 
1002 


2602 
100% 


11656 
100X 


9425 
IOOX 


1115 
100?. 


731 
IOOX 


1571 
IOCX 


437 


3.'60 
192 


1415 

202 


1033 
1CX 


510 
192 


1725 
I5X 


16«9 
IBX 


106 
IU 


116 
16X 


125 
82 


1215 
62X 


11034 

67X 


4950 
682 


60?6 
67X 


1600 
60X 


7076 
61X 


11 1 
54X 


692 
62X 


534 

732 


329 
21X 


24 
IX 


124 
IX 


32 


92 
IX 


4B 

2X 


327 
32 


65 
6X 


19 
IX 


277 
I4X 


2406 
14X 


074 
122 


1532 
152 


500 
192 


269< 
232 


2260 
24  2 


172 
152 


70 
112 


1099 
702 


()]  ALL  STATISTICS  ARE  NATIONAL  CSIlMAlES  ENCOMPASSING  THE  157  L ARCCil  UD  UNIVERSITIES 
ANO  THE  92  LARGEST  R  V  0  MEDICAL  SCHOOLS  IN  THE  NATION.  fCR  PHASE  11  r  If  IDS  lAGRKULTURALi 
BIOLOGICAL  ANO  ENVIRONMENTAL  SCIENCES).  ESTIMATES  ARE  AS  OF  DEO.MDER  l«33.  FOR  ALL  OTHER 
FIELDS.  ESTIMATES  ARE  AS  Uf  OECEIHK  19B2.  SAMfLE  IS  B704  INSTRUMENT  SYSTEMS. 
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TAIL C  A-7 

ACE  OF  ACADEMIC  RESEARCH  INSTRUMENT  SYSTEMS  IN  NATIONAL  STOCK.  SY  FIELD  C  1  3 


TOTAL.  SELECTED  MELDS 
FIELD  OF  RESEARCH 


-NUMBER  AND  PERCENT  OF  SYSTEMS  

ST  ST  En  ACE  IFROH  Yfi  OF  PURCHASE)  C  2  ) 


TOTAL 


1-3  YEARS    6-10  YEARS 


43890 
100Z 


21663 
«7X 


10683 
24  X 


OVER  10 
YEARS 


13342 
2?X 


AGRICULTURAL  SCIENCES 
810L0C1CAL  SCIENCES.  TOTAL 

CRAQUftTC  SCHOOLS 

nCOlCAL  SCHOOLS 

environmental  sciences 
physical  sciences 
Engineering 
computer  science 

MATERIALS  SCIENCE 
INTERDISCIPLINARY.  N.E.C. 


M30 
100X 


17343 
100X 


7230 
100X 


102?3 
100X 


2644 

100X 


11484 
100X 


?224 

1C0X 


1073 
100X 


731 
100X 


121V 
100X 


1023 
33  X 


7748 
44X 


3431 
47X 


4337 
42X 


1412 
33X 


31=3 
431 


4843 
33X 


86Y 

BIX 


23? 
33X 


346 

2SX 


313 

26X 


4T63 
28X 


1834 
26X 


3111 
30X 


660 
22X 


2461 
21X 


1723 
ITX 


or 

8X 


113 
13Z 


361 
30X 


407 
21X 


4B12 
27X 


1V4S 

27X 


2847 
28X 


3Y2 

22X 


386V 
34X 


2636 
29X 


116 
MX 


37? 
32X 


31  I 
42X 


(1)  ALL  STATISTICS  ARE  NATIONAL  ESTIMATES  ENCOMPASSING  ThE  137  LARGEST  RID 
UNIVERSITIES  AND  THE  ?2  vARCEST  R&D  MEDICAL  SCHOOLS  IN  THE  NATION.  FOR  PHASl 
II  FIELDS  (AGRICULTURAL.  HOlOCICAL  AND  ENVIRONMENTAL  SCIENCES*.  ESTIMATES  ARK 
AS  OF  DECEMBER  1?83.  FOR  ALL  OTHER  FIELDS.  ESTIMATES  ARE  AS  OF  DECSM8ER  1?82. 

sample  is  8704  instrument  systems. 

(2)  FOR  PHASE  II  FIELDS.  AGE  INTERVALS  ARE  1-3  YEARS  tl?7?-83)t  6-10  YEARS 
«I?74-78)I  OVER  10  YEARS  n?73  CR  SEFORS) .  FOR  PHASE  I  FIELDS  INTERVALS  ARE 
1-3  YEARS  (l?78-82ll  6-10  YEARS  W?73-7>ll  OvER  10  YEARS   »l?72  OR  BEFORE) • 


A-ll 


ERLC 
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TABLE  A-6 

ACE  OF  ACADEMIC  INSTRUMENT  SYSTEMS   IN  RESEARCH  USE.   CY  FIELO  C  1  ] 


NUMBER  ANO  PERCENT  OF  IN-USE  SYSTEMS  — 

SYSTEM  AGE   'FROM  YR  OF  PURCHASEK2] 


TOTAL 

1-3  YEARS  6-10 

YEARS 

OVER  10 
YEARS 

3TAL t  SELECTED  FIELDS 

36330 

19419 

8737 

3174 

33  Z 

22Z 

IELO  OF  RESEARCH 

AGRICULTURAL  SCIENCES 

1633 

932 

447 

233 

IOOZ 

38Z 

27  Z 

BIOLOGICAL  SCIENCES !  TOTAL 

:ros3 

7416 

4242 

3396 

1001 

49Z 

28Z 

23Z 

GRADUATE  SC10CLS 

6372 

3323 

1602 

1447 

IOOZ 

3£Z 

23  Z 

23  Z 

MED  I  <-.«LA  SCHOOLS 

8683 

40°3 

2641 

1949 

1007, 

47Z 

30Z 

22Z 

Environmental  sciences 

2123 

1217 

346 

361 

IOOZ 

26Z 

1 7Z 

PHYSICAL  SCIENCES 

3763 

4631 

1372 

2260 

IOOZ 

33Z 

2  j  - 

26Z 

ENGINEERING 

6777 

3949 

1299 

1309 

IOOZ 

39  X 

I9Z 

22Z 

COMPUTER  SCIENCE 

374 

813 

31 

10 

937. 

67. 

17. 

MATERIALS  SCIENCE 

630 

233 

103 

312 

ioo?: 

ztz 

16Z 

48* 

INTERDISCIPLINARY!  N.E.C. 

434 

133 

196 

73 

IOOZ 

417. 

*3Z 

16Z 

CM  ALL  STATISTICS  ARE  NATIONAL  ESTIMATES  ENCOMPASSING  THE  137  LARGEST  R&D 
UNI  VERS  HIES  ANO  THE  92  LARGEST  "!  J  D  MEDICAL  SCHOOLS  IN  THE  NATION.  FOR  °HA5E 
II  FIELDS    (AGRICULTURAL^  BIOLOGIHL     NO  ENVIRONMENTAL  SCIENCES)     ESTIMATES  ARE 
AS  OF  DECEMBER  1933.  FOR  ALL  OTHER  FIELDS*  ESTIMATES  ARE  A3  OF  DECEMBER  1982. 
SAMPLE  IS  6933   INSTRUMENT  SYSTEMS. 


C2  3  FCR  °MASE  II  FIELDSr  AGE   INTERVALS  ARE  1-3  YEARS  (l97«-33>:  6-10  YEARS 
11974-78) :  OVER  10  YEARS   11973  OR  BEFORE*.  FOR  PHASE  !  FIELDS  INTERVALS  ARE 
1-3  YEARS   U973-32J?   6-10  YEARS   tI9^3-77);  OVER   10  »EARS   tl972  OR  EErGRE). 


A-12 


Table  a-? 

PERCENT  OF  IN-USE  RESEARCH  INSTRUMENT  SYSTEMS  IN  EXCELLENT  WORKING 
CONDITION,   BY  SYSTEM  RESEARCH  STATUS  AND  BY  FIELD  CI} 

,    PERCENT  OF  SYSTEMS  IN 
EXCELLENT  WORKING  CONDITION 


 RESEARCH  STATUS  

STATE-OF-THE-  OTHER  IN-USE 


TOTAL  ART  SYSTEMS  SYSTEMS 

TOTAL*  SELECTED  FIELDS  S2Z  B4Z  43Z 
FIELD  OF  RESEARCH 

AGRICULTURAL  SCIENCES  36Z  81Z  47Z 

BIOLOGICAL  SCIENCES.  TOTAL  S3Z  Q6Z  44Z 

GRADUATE  SCHOOLS  S5Z  90Z  44Z 

MEDICAL  SCHOOLS  33%  Q3Z  44Z 

ENVIRONMENTAL  SCIENCES  SOZ  Q2Z  40Z 

PHYSICAL  SCIENCES  32%  Q4Z  44X 

ENGINEERING  31Z  83Z  40Z 

COMPUTER  SCIENCE  36Z  89*  47Z 

MATERIALS  SCIENCE  32*  74Z  23X 

INTERDISCIPLINARY.  N.E.C.  447.  SB7.  39X 


til  ALL  STATISTICS  ARE  NATIONAL  ESTIMATES  ENCOMPASSING  THE  137  LARGEST  R&D 
UNIVERSITIES  AND  THE  92  LARGEST  RH  MEDICAL  SCHOOLS  IN  THE  NATION.  FOR  PHASE 
II  FIELDS   (AGRICULTURAL.   BIOLOGICAL  AND  ENVIRONMENTAL  SCIENCES),   ESTIMATES  ARE 
AS  OF  DECEMBER  19B3.  FOR  ALL  OTHER  FIELDS.  ESTIMATES  ARE  AS  OF  DECEMBER  1982. 
SAMPLE  15  6983  INSTRUMENT  SYSTEMS. 


887 


TABLE  A- 10 

RESEARCH  FUNCTION  CF  ACADEMIC  INSTRUttENTAT ION  THAT  IS  USED  FOR  RESEARCH  BUT 
IS  NOT  STATE-OF-THE-ART,  BY  FIELD  til  -  eVT 

NUMBER  AND  PERCENT  OF  NON 
STATS-OF-THE-mRT  SYSTEMS 


 RESEARCH  FUNCTION  

THE  HOST  ADVANCED  USED  FOR  RESEARCH 
INSTRUMENT  TO        eUT  MORE  ADVANCED 
WHICH  ITS  USERS     EQUIPMENT  IS  AVAIL- 
TOTAL  HAVE  ACCESS  ABLE  WHEN  NEELEO 


TOTAL*  SELECTED  FIELDS 


FIELD  OF  RESEARCH 


23333  13172  12163 

IOOX  46X  34X 


AGRICULTURAL  SCIENCES 
BIOLOGICAL  SCIENCES*  TOTAL 

GRADUATE  SCHOOLS 

MEDICAL  SCHOOLS 
ENVIRONMENTAL  SCIENCES 
PHYSICAL  SCIENCES 
ENGINEERING 
COMPUTER  SCIENCE 
MATERIALS  SCIENCE 
INTERDISCIPLINARY.  N.E.C. 


1213 
IOOX 


11804 
IOOX 


4940 
IOOX 


6354 
IOOX 


1393 
!OCX 


7067 
IOOX 


3097 
IOOX 


692 
IOOX 


334 
IOOX 


329 
IOOX 


681 
36X 


3076 
43X 


213B 
44X 


2910 
43X 


736 
47X 


3470 
49X 


2336 
SOX 


331 
31X 


184 
33X 


HQ 
36X 


333 
44X 


6720 
37X 


2702 
36  X 


3943 
37X 


041 

33X 


3598 
31X 


2361 
3CX 


3*1 
4?S 


330 


211 
64X 


CI  J  ALL  STATISTICS  ARE  NATIONAL  ESTIMATES  cNCCM»*SStNG  THE  »37  LARGEST  UD 
UNIVERSITIES  AND  THE  92  ~APGEST  R  !t  D  MEDICAL  SCHOOLS  IN  THE  NATION.  FOR  PHASE 
II  FIELOS   (AGRICULTURAL.   BIOLOGICAL  AND  ENVIRONMENTAL  SCIENCES*.  ESTIMATES  ARE 
AS  OF  OECEMBER  1933.  FOR  ALL  OTHER  FIELDS.  ESTIMATES  ARE  AS  OF  DECEMBER  1902. 
SAHPLE  IS  3393  INSTRUMENT  SYSTEMS. 


TABLE  A-U 

SOURCES  OF  FUNDS  FOR  ACQUISITION  OF  IN-USE  ACADEMIC  RESEARCH  EQUIPMENT »  BY  FIELD  (I) 


(DOLLARS  IN  MILLIONS) 

 .—  -ACQUISITION  COST  AND  PERCENT  OF  COST  

  -   SOURCE  OF  FUNDS   —  -   

 FEDERAL  "    UNIV.    STATE  BUSI- 

TOTAL     TOTAL       NSF        NIH        DOD        DOE      NASA      USDA      OTHER    FUNDS    GOVT.     NESS  OTHER 


> 
I 


TOTAL.  SELECTED  FlELCS 

ni7a.o 

$640.3 

9230.8 

1176.3 

t 103.9 

$63.1 

$30.8 

$3.0 

$30.2 

$371 .3 

$61 .3 

$43.2 

$61  .3 

100Z 

34Z 

20Z 

13Z 

9Z 

SZ 

3Z 

3Z 

32Z 

3Z 

4Z 

32 

FIELD  OF  RESEARCH 

AGRICULTURAL  SCIENCES 

36.1 

7.8 

1  .7 

1.3 

0 

.3 

"  .3 

2.7 

1  .3 

17.8 

6.7 

1.8 

2.1 

IOOZ 

21Z 

3Z 

4Z 

IX 

IZ 

7% 

4% 

49Z 

18Z 

SZ 

62 

BIOLOGICAL  SCIENCES*  TOTAL 

381 .3 

198.  5 

33.3 

149.7 

2.1 

3.3 

.4 

1.9 

3.3 

131.2 

18.6 

6.3 

26.3 

1COZ 

32* 

92 

39  Z 

tz 

1Z 

1  z 

34  Z 

SZ 

2  Z 

7Z 

GPADUATE  SCHOOLS 

136.1 

80.6 

24.  Z 

48.9 

1.0 

.7 

.4 

1.7 

3.3 

48.2 

13.0 

4.3 

10.0 

IOOZ 

32Z 

16Z 

31  X 

1Z 

1  z 

2Z 

31Z 

8Z 

3Z 

MEDICAL  SCHOOLS 

225.2 

117.9 

10.8 

100.8 

1.2 

2.9 

0 

.2 

2.1 

83.0 

3.3 

2.3 

16.4 

IOOZ 

32Z 

3Z 

43Z 

1Z 

1Z 

11 

37Z 

22 

1Z 

7Z 

ENVIRONMENTAL  SCIENCES 

92.3 

43.7 

16.3 

6.6 

8.2 

3.4 

0 

0.3 

27.3 

7.2 

8.4 

3.3 

IOOZ 

30Z 

IOZ 

7Z 

9Z 

6Z 

9Z 

30Z 

8Z 

9Z 

42 

PHYSICAL  SCIENCES 

331  .9 

229.1 

1  16.1 

19.3 

32.3 

33.0 

22.3 

.1 

3.7 

92.2 

6.6 

4.1 

20.0 

:*joz 

63Z 

33Z- 

6Z 

9Z 

9Z 

6Z 

2Z 

26Z 

2Z 

1Z 

62 

ENGINEERING 

218,9 

106.4 

33.1 

2.7 

43.8 

14.4 

2.2 

.3 

3.8 

78.3 

13.3 

.3.1 

7.4 

loez 

49Z 

16Z 

1Z 

21Z 

7Z 

1Z 

3Z 

36X 

6X 

62 

32 

COMPUTER  SCIENCE 

46.9 

21.3 

10.8 

.3 

9.1 

.3 

0 

0 

1  .0 

I  1.3 

4.9 

7.7 

1.2 

IOOZ 

46Z 

23Z 

1Z 

19Z 

IX 

2Z 

23X 

IOZ 

I6X 

32 

MATERIALS  SCIENCE 

34.1 

24.3 

13.3 

.7 

5.4 

3.4 

0 

0 

1 .3 

6.0 

2.6 

.6 

.6 

IOOZ 

71Z 

40Z 

2X 

16Z 

IOZ 

4Z 

18Z 

82 

22 

22 

INTERDISCIPLINARY*  N.E.C. 

16.6 

7.0 

1.8 

1.9 

2.4 

0 

0 

0 

.9 

6.8 

1.3 

.9 

.4 

IOOZ 

42Z 

III 

11X 

15Z 

3Z 

41X 

9Z 

6X 

22 

00 


til  Al»  STATISTICS  ARE  NATIONAL  ESTIMATES  ENCCiIPaSSIMG  THE  137  LARGEST  fi  t  0  UNIVERSITIES  AND  THE  92  LARGEST  RID 
MEDICAL   jCHOOLS  IN  THE  NATION.  I-OR  PHASE   II  FIELDS  (AGRICULTURAL.  BIOLOGICAL  AND  ENVIRONMENTAL  SCIENCES)  »  ESTIMATES 


ARE  AS  0?  OECEHBER  1983.  FOR  ALL  OTHER  F I ELDS.  EST  IMA 


S  OF  DECEMBER  1982.  SAMPLE  IS  6983  INSTRUMENT  SYSTEMS. 


6.i ' 

TABLE  A-Ifi 

FIELDS  RECEIVING  FUNDING  SUFPORI  FOR  ACQUISITION  CF  IN-OSE  RESEARCH  EQUIPMENT.  BY  SOURCE  OF  FUNDS  11) 

t  DOLLARS  IN  MILLIONS) 


TUT  AL     TOTAL  NSF 


 ACQUISITION  COST  AND  PERCENT  OF  COST  

 SOURCE  OF  FUNDS  

 FEDERAL   UNIV. 

KIM        DOD        DOE      NASA      USDA      OTHER  FUNDS 


STATE 
GOVT. 


BUSI- 
NESS 


TOTAL.  SELECTED  FIELDS 


$1176.0  »640.3  *230.B  1176.3  »103.9 
IOOZ       1001       IOOZ       1001  IOOZ 


*63.1 
IOOZ 


*30.8 
IOOZ 


43.0 
IOOZ 


«30.2  «371.3 
IOOZ  IOOZ 


«61.3  M3.2  161.3 
IOOZ       IOOZ  IOOZ 


FIELD  OF  RESEARCH 


AGRICULTURAL  SCIENCES 

36.1 

7.8 

1  .7 

1.3 

0 

.3 

.3 

2.7 

1.3 

17.8 

6.7 

1.8 

2.1 

3Z 

IZ 

1Z 

1Z 

- 

IZ 

54Z 

3Z 

3Z 

1  IZ 

4Z 

32 

BIOLOGICAL  SCIENCES.  TOTAL 

301.3 

198.3 

33.3 

149.7 

2.1 

3.3 

.4 

1.9 

3.3 

131.2 

18.6 

6.3 

26.3 

32Z 

31Z 

I3Z 

83Z 

2Z 

6Z 

IZ 

37Z 

18Z 

33  Z 

30Z 

13Z 

43Z 

GRADUATE  SCHOOLS 

136.1 

80.6 

24.3 

48.9 

1.0 

..7 

.4 

1.7 

3.3 

48.2 

13.0 

4.3 

10.0 

1JZ 

13Z 

HZ 

28Z 

IZ 

IZ 

IZ 

34Z 

1  IZ 

13Z 

21Z 

10Z 

16Z 

MEDICAL  SCHOOLS 

22-..  2 

117.9 

10.8 

100.8 

1.2 

2.9 

0 

.2 

2.1 

83.0 

5.3 

2.3 

i6.' 

191 

18Z 

3Z 

37Z 

IZ 

3Z 

3Z 

7Z 

22Z 

9Z 

5Z 

27Z 

cn'vi&onmen'tal  sciences 

92:.  3 

43.7 

16.3 

.3 

6.6 

8.2 

3.4 

0 

8.3 

27.3 

7.2 

8.4 

3.3 

8Z 

7Z 

7Z 

6Z 

13Z 

1BZ 

28Z 

7Z 

i2z 

19Z 

6Z 

PHYSICAL  SCIENCES 

331.9 

229.1 

116.1 

19.3 

32.3 

33.0 

22.3 

.  I 

5.7 

92.2 

6.6 

4.1 

20.0 

30* 

36Z 

so: 

11Z 

3IZ 

32Z 

73Z 

2Z 

19Z 

23  Z 

III 

10Z 

32Z 

engineer  inb 

2lC9 

106.4 

33.1 

2.7 

43.8 

14.4 

2.2 

.3 

5.8 

78.3 

ii.s 

li.i 

19Z 

17Z 

13Z 

2Z 

44X 

23  Z 

7Z 

7Z 

itX 

2IZ 

22Z 

30  Z 

|2Z 

COr.'UIER  SCIENCE 

46.9 

21.3 

10. 8 

.3 

9.1 

.3 

0 

0 

1.0 

11.3 

4.9 

7.7 

1.2 

4x 

31 

3Z 

9Z 

3X 

3Z 

Dz 

iaz 

2Z 

MATERIALS  SCIENCE 

34.1 

24.3 

13.3 

.7 

3.4 

3.4 

0 

0 

1.3 

6.0 

2.6 

.6 

.6 

3Z 

4% 

6Z 

3Z 

3Z 

4Z 

2Z 

4Z 

lz 

IX 

INTERDISCIPLINARY.  N.E.C. 

16.6 

7.0 

1.8 

1.9 

2.4 

0 

0 

0 

.9 

6.8 

1.3 

.9 

.4 

1Z 

1Z 

XX 

1Z 

2Z 

IX 

2Z 

ZX 

2Z 

IZ 

CIJ  ALL  STATISTICS  ARE  NAT  10  UAL  ESTIMATES  ENCOMPASSING  THE   137  LARGEST  R  I  D  UNIVERSITIES  AND  THE  92  LARGEST  RIO 
MEDICAL  SCHOOLS  IN  I  ME  NATION.  I-Oh  KHASt   II  FIELDS   iAGRl  CULTURAL .   BIOLOGICAL  AND  ENVIRONMENTAL  SCIENCES).  ESTIMATES 
ARE  AS  OP  DECfcMBER  1983.  fOti  ALL  0 fllER  FIELDS.  CSI1MATES  ARE  AS  OF  DECEMBER  1982.  SAMPLE  IS  6983  INSTRUMENT  SYSTEMS. 
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TABLE  A- 13 

SYSTEMS*  ,BY°MELDHM  JN  FUND1"G  °Y  ,N"USE  ^DEMIC  RESEARCH  INSTRUMENT 


TOTAL 


-PERCENT  OF  SYSTEMS  

-FEDERAL  FUNDING  INVOLVEMENT- 


NO 
FUNDING 


PARTIAL 
FUNDING 


1007. 
FUNDING 


i  u i nL .    aCLC^ltU  FIELDS 

100'/. 

38% 

182 

44% 

rlcLD  Dr  RtS LARCH 

AGRICULTURAL  SCIENCES 

1007. 

727, 

10% 

18% 

BIOLOGICAL  SCIENCES.  TOTAL 

1002 

407. 

12% 

49% 

GRADUATE  SCHOOLS 

1002 

417. 

14% 

45% 

MEDICAL  SCHOOLS 

1007. 

397. 

107. 

31% 

ENVIRONMENTAL  SCIENCES 

1007. 

437. 

187. 

387. 

PHYSICAL  SCIENCES 

100% 

247. 

277. 

49% 

ENGINEERING 

1007. 

437. 

207. 

377. 

COMPUTER  SCIENCE 

1007. 

427. 

29% 

29% 

MATERIALS  SCIENCE 

100% 

137. 

32% 

55% 

INTERDISCIPLINARY.  N.E.C. 

1007. 

507. 

277. 

23% 

if  ISTICS  ARE  NATIONAL  rSIINATF.S  ENCOMPASSING  THE   157  LARGEST  R  *  0 

UNIVERSICILS  AND  THE  92  LAiKCSf  R  H  MEDICAL  SCHOOLS  IN  THE  NATION.  FOR  PHASE 
II  FICLDC   (AGRICULTURAL.   tlDLIKICAL  AND  ENl'I  RONH£N  fAL  SCIENCES).   ESTIMATES  ARE 
Aa  DF  DECENDCR  1933.  Ff»:  „LL  QThCJi  HhLDD.  ES7IKA1ES  AfiE  A3  DF  DECEMBER  1982 
SAMPLE  IS  6903  INSTRUMENT  bYSTEHC. 
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TAOLL*  AM4 

LOCATION  01    IN-USE  ACaDEMK  RESEARCH  INSTRUMENT  5VSTEMS.  OY  FIEl.D  tJ) 

 **  NUMBER  AMD  PERCENT  OF  5YSIENS  - 

-"-  •  LOCATION  

LAB  OF        NAT 'L  00     NOUDEFART -  DEPARTMENT  OTHER 
INDIVIDUAL     REGIONAL        HENlAL         MANAGED  SHARED 
IOTAL  P.I.  LAB  FACILITY    COMMON  LAB  ACCESS 


10TAL.  SELFClKD  FIELDS  36212  21390  4  B4  2340  11466  332 

IOOX  37X  IX  6X  322  IX 

FIELD  OF  RESEARCH 


AGRICULTURAL  SCIENCES 
BIOLOGICAL  SCIENCES.  lOIAL 

GRAPVA1F  SCHOOLS 

MEDICAL  SCHOOLS 
ENV1.'.0NMEN?AL  SCIENCES 
PHYSICAL  SCIENCES 
ENG INFER ING 
CONfVIER  SCIFNCE 
MA1CRIALS  SCIENCE 
t  NfEltn  ISCt  PL  IHARYf  l|.E»C. 


1631 
IOOX 


J  3016 
1007. 


6333 
IOOX 


0663 
IOOX 


20B3 
IOOX 


B73I 
IOOX 


6777 
IOOX 


B7B 
IOOX 


642 
IOOX 


434 

IOOX 


1037 
64X 


9739 
65  X 


<16B 
66X 


5371 
44X 


10B0 

32X 


570B 
65  X 


3412 

30X 


170 
I9X 


121 

m 


124 
27X 


13 
IX 


10B 
IX 


62 
IX 


46 

IX 


36 

3X 


196 
2X 


36 
IX 


37 
6X 


17 
4X 


61 
4X 


4B3 

3X 


223 
4X 


260 
3X 


2B0 
I3X 


346 

6X 


430 

6  7. 


122 
14  X 


309 
4BX 


109 
24  X 


304 

3U 


4641 
31X 


1B71 

29X 


2770 
32X 


3B0 
2BX 


21  IB 
24X 


2673 
39X 


373 
63X 


J76 
2  7X 


203 
43X 


M)  ALL  llAIISMCb  ARE  HA1I0HAL  ESTIMATES  ENCOMPASSING  THE  157  LARGEST  R&D  UNIVERSITIES 
AND  THE  92  LARGfill  R  i  0  MCOICAI.  SCHOOLS  IN  THE  NATION.  FOR  PHASE  II  FIELDS  (AGRICULTURAL* 
BIOLOGICAL  AND  EMV IRUNMEN1 AL  SCIENCES) t  ESTIMAIE8  ARE    AS  OF  D EC EH BE R  19B3.  FOR  ALL  OTHER 
FIELDS.  ESTIMATES  ARE  AS  OF  DECEMBER  1982.  SAMPLE  IS  69B3  INSTRUMENT  SYSTEMS. 


IB 

U 


29 
16 


163 

&X 


203 
3X 


I) 
IX 


00 
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TABLE  A-13 

RESEARCH  FUNCTION  OF  IN-JSE  ACADEMIC  FESEARCM  INSTRUMENT  SYSTEMS,  3Y  FIELD  112 


— *  -—-NUMBER  AND  PERCENT  OF  SYSTEMS—  

 RESEARCH  FUNCTION  

-—  DEDICATED   GENERAL 

TOTAL  MODIFIED      NOT  MODIFIED  PURPOSE 

TOTAL.  SELECTED  FIELD3  33768  2321  7432  26014 

IOOX  6X  21X  73X 

FIELD  OF  RESEARCH 


AGRICULTURAL  SCIENCES 

1602 

64 

316 

1222 

IOOX 

«x 

20X 

76X 

BIOLOGICAL  SCIENCES,  TOTAL 

14760 

660 

1833 

12263 

IOOX 

4X 

12X 

B3X 

GRADUATE  SCHOOLS 

6212 

226 

632 

3334 

IOOX 

4X 

1 IX 

B6X 

MEDICAL  SCHOOLS 

B348 

434 

1183 

6931 

IOOX 

3X 

14X 

BIX 

ENVIRONMENTAL  SCIENCES 

2103 

189 

499 

1414 

IOOX 

9X 

24X 

67X 

PHYSICAL  SCIENCES 

8630 

771 

2604 

3233 

IOOX 

?S 

2  OX 

61X 

engineering 

6724 

392 

1896 

4246 

IOOX 

9X 

2BX 

63X 

COMPUTER  SCIENCE 

866 

4 

140 

722 

IOOX 

16X 

Q3X 

flATERIALS  SCIENCE 

637 

36 

93 

306 

IOOX 

6X 

13X 

79X 

INTERDISCIPLINARY,  N,E,C. 

443 

16 

46 

383 

10GX 

4X 

I  OX 

86X 

CI  J  ALL  STATISTICS  ARE  NATIONAL  ESTIMATES  ENCOMPASSING  THE  137  LARGEST  R&D 
UNIVERSITIES  AND  THE  72  LARGEST  RID  MEDICAL  SCHOOLS  IN  ThE  NATION.  FOR  PHASE 
II  FIELDS  (AGRICULTURAL,  BIOLOGICAL  AND  ENVIRONMENTAL  SCIENCES',  ESTIMATES  ARE 
AS  OF  DECEMBER   1983.  FOR  ALL  OTHER  FIELDS,  ESTIMATES  ARE  AS  OF  DECEMBER  1982. 
SAMPLE  IS  6983  INSTRUMENT  SYSTEMS. 


A-19 


TABLE  A- 16 

MEAN  NUMBER  OF  RESEARCH  USERS  OF  IN-USE  ACADEMIC  RESEARCH  INSTRUMENT 
SYSTEMS,   BY  RESEARCH  FUNCTION  ANO  BY  FIELD  tH 


o 


 MEAN  NUMBER  OF  RESEARCH  USERS  t  2  3  —  

 RESEARCH  FUNCTION  

 DEDICATED   GENERAL 

TOTAL  MODIFIED      NOT  MODIFIED  PURPOSE 


TOTAL.   SELECTED  FIELDS 
FIELD  OF  RESEARCH 

AGRICULTURAL  SCIENCES 
BIOLOGICAL  SCIENCES,  TOTAL 

GRADUATE  SCHOOLS 

MEDICAL  SCHOOLS 
ENVIRONMENTAL  SCIENCES 
PHYSICAL  SCIENCES 
ENGINEERING 
COMPUTER  SCIENCE 
MATERIALS  SCIENCE 
INTERDISCIPLINARY*  N.E.C. 


14.3 

11.0 
11.3 
12.4 
10.8 
12.4 
13.3 
14.1 
32.6 
24.3 
13.0 


7.5 

B.  1 
7.9 
11.0 
6.3 
7.7 
6.3 
6.3 
32.6 
27.0 
19.3 


B.4 

6.6 
6.6 
6.3 
6.7 
6.1 
B.O 
10.8 
20.2 
6.8 
16.8 


16.6 

12.0 

12.4 

13.  1 

11.9 

13.3 

20.6 

16.8 

38.3  I 

27.5 

14.8 


tlJ  ALl    STATISTICS  ARE  NATIONAL  ESTIMATES  ENCOMPASSING  THE  137  LARGEST  R&D 
UNIVERSITIES  AND  THE  92  LARGEST  H  *  D  MEDICAL  SCHOOLS   IN  THE  NATION.  FOR  PHASE 
II  FIELDS   (AGRICULTURAL*  BIOLOGICAL  AND  ENVIRONMENTAL  SCIENCES).   ESTIMATES  ARE 
AS  OF  DECEMBER  19B3.  FOR  ALL  OTHER  FIELDS,   ESTIMATES  ARE  AS  OF  DECEMBER  I9B2. 
SAMPLE  IS  6903  INSTRUMENT  SYSTEMS. 

t2J  FOR  PHASE  II  FIELDS,  ESTIMATES  ARE  OF  USERS  DURING  19B3?  FOR  PHASE  I  FIELDS, 
ESTIMATES  ARE  OF  USERS  DURING  1902. 
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APPENDIX  B 
DEPARTMENT/FACILITY  QUESTIONNAIRE 


B-l 


895 


Form  Number 


OMB  No.  3145-0067 
Expiration  Date  9/30/85 


NATIONAL  SCIENCE  FOUNDATION 
DIVISION  OF  SCIENCE  RESOURCES  STUDIES 


NATIONAL  SURVEY  OF  ACADEMIC  RESEARCH 
INSTRUMENTS  AND  INSTRUMENTATION  NEEDS 

DEPARTMENT/FACILITY  QUESTIONNAIRE 


THIS  REPORT  IS  AUTHORIZED  BY  LAW  (P.L.  96-44).  WHILE  YOU  ARE  NOT 
REQUIRED  TO  RESPOND,  YOUR  COOPERATION  IS  NEEDED  TO  MAKE  THE 
RESULTS  OF  THIS  SURVEY  COMPREHENSIVE,  ACCURATE,  AND  TIMELY. 
INFORMATION  GATHERED  IN  THIS  SURVEY  WILL  BE  USED  ONLY  FOR 
DEVELOPING  STATISTICAL  SUMMARIES.  INDIVIDUAL  PERSONS,  INSTITU- 
TIONS, AND  DEPARTMENTS  WILL  NOT  BE  IDENTIFIED  IN  PUBLISHED 
SUMMARIES  OF  THE  DATA. 
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BACKGROUND  AND  INSTRUCTIONS 


In  recent  years,  widespread  concern  has  developed  about  whether 
university  research  scientists  and  engineers  have  sufficient  access 
to  the  kinds  of  equipment  needed  to  permit  continuing  research  at  the 
frontier  of  scientific  knowledge.  To  assist  the  National  Science 
Foundation  and  other  Federal  agencies  in  setting  appropriate  equip- 
ment funding  levels  and  priorities,  this  Congressionally  mandated 
survey  is  intended  to  document,  for  the  first  time:  (a)  the  amount, 
cost,  and  condition  of  the  scientific  research  equipment  currently 
available  in  the  nation's  principal  research  universities,  and  (b) 
the  nature  and  extent  of  the  need  for  upgraded  or  expanded  equipment 
in  the  major  fields  of  science  and  engineering. 

The  survey  is  being  conducted  in  two  phases.  The  current  phase 
deals  with  research  equipment  in  the  physical  sciences  and  engi- 
neering/computer science.  Next  year,  in  Phase  II,  the  emphasis  will 
be  on  the  biological,  environmental,  and  agricultural  sciences. 

This  Department  (or  nondepartmental  research  facility)  Ques- 
tionnaire seeks  a  broad  overview  of  equipment-related  expenditures 
and  needs  in  this  department  (or  facility).    Items  1-10  (Parts  A  and 

B)  are  factual  in  nature  and  may  be  delegated  to  any  person  or  persons 
who  can  provide  the  requested  data.  In  these  sections,  informed 
estimates  are  acceptable  whenever  precise  information  is  not  avail- 
able from  annual  reports  or  other  data  sources.    Items  11-16  (Part 

C)  call  for  judgmental  assessments  about  equipment-related  research 
needs  and  priorities  of  the  department  (or  facility)  as  a  whole  and 
should  be  answered  by  the  department  chairperson  (or  facility 
director)  or  by  a  designee  who  is  in  a  position  to  make  such 
judgments.  He  urge  that  particular  attention  be  given  to  item  16, 
which  asks  for  this  department's  (or  facility's)  recommendations 
about  needed  changes  in  equipment  funding  policies  and  procedures. 

This  form  should  be  returned  by  May  30,  1983.  Your  cooperation 
in  returning  the  survey  form  promptly  is  very  important.  Please 
direct  any  questions  about  this  form  either  to  your  university  study 
coordinator  or  to  Ms.  Dianne  Walsh  at  Westat,  Inc.,  the  NSF  con- 
tractor for  this  study  (301-251-1500). 
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PART  A.    DESCRIPTIVE  DTFORMATIOW 
1.      Institution  namei   


2.      Department  (or  nondepartaental  research  facility)  namet 


This  is  ax     (CHECK  ONE) 


I  I     1.     Department  (CONTIfJUE  WITH  ITEM  4) 

I  I    2.    Nondepartaental  research  facility  (SKIP  TO  ITEK  6) 


4.     Number  of  doctoral  degrees  awarded  in  1981-82  academic  year  to  atudenta  in 
this  department! 


5.      Nuaber  of  aeabers  of  thta  department  who  participate  in  ongoing  research  projects 
(do  not  include  graduate  students  or  postdocto rates) t 

__mm Total  number  of  persona  (full-tlae  and  part-tiae) 
  FTE*  number  of  persons 


PART  8.     RESEARCH-RELATED  FUNDING  AND  EXPEXDITUKES 


1  x 

6.     Department  (or  facility)  TY  1982  and  anticipated  FY  1983  expenditures  for 
scientific  research  equipment.     (SCIENTIFIC  RESEARCH  EQUIPMENT  IS  ANY  ITEM 
(OR  INTERRELATED  COLLECT  IOH  Of  ITEMS  COMPRISING  A  SYSTEM)  Or  NONEXPENDABLE 
TANGIBLE* PROPERTY  OR  SOFTWARE  HAVING  A  USEFUL  LIFE  Or  MORE  THAN  TWO  YEARS 
AND  AN  ACQUISITION  COST  Or  $500  OR  MORE  WHICH  IS  USED  WHOLLY  OR  IN  PART  rOR 
RESEARCH.     INCLUDE  ALL  SCIENTiriC  RESEARCH  EQUIPMENT  ACQUIRED  IN  THIS  DEPART- 
MENT (OR  FACILITY)   IN  FY  1982,  PROM  ALL  SOURCES  —  FEDERAL*  STATE,  INSTITU- 
TIONAL* INDUSTRIAL,  ETC.) 


S  FY  1982  expenditures  for  scientific  research  equipment 

S  Anticipated  FY  1953  expenditures  for  scientific  research 

equipment 


•In  computing  number  of  rTEs  (full-tire  equivalents),  persons  employed  in  this 
department  on  less  than  a  full-tlae  basis  should  be  counted  to  reflect  their 
declaal  fraction  of  full-tlae  equivalency.    Exaaplet    if  a  department  eaploys 
25  pertinent  faculty  aembers,  20  full-tlae  and  5  with  half-tlae  appointments, 
the  FTE  number  is  20  ♦  (5  x  .5)  •  22.5. 
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Flssse  provide  an  approximate  breekdovn  by  sourcs  of  funds  for  (hit  dspsrtasnt'a 
(or  facility.**)  Tt  1983  expenditure  and  • sties ted  nf  1983  expenditure  for 
scientific  rssesrch  equlpasnt.     (KOTEi     ENTRIES  IM  EACH  COLUMN  SBCOLO  SUM  TO  100 
PERCENT i  ESTIMATES  ARE  ACCEPTABLE. ) 


Source  of  funds 

Percent  of  expenditures  for 
scltnelflc  research  equipment 

n  1982 

re  1983 

Untlclpittd) 

ft.  rederel  government 

b.  internal  university  fund* 

c.  State  equipment  or  csplttl  develop- 
ment tppropr let lone 

d.  Private  nonprofit  foundations/ 
organizations 

••  Business  or  Industry 

f.  Other  (SPECIFY) 

t  t 

t  % 

t  t 

t  t 
t  % 

%  \ 

TOT  At,  ALL  nmOINC  SOURCES 

100        t               loo  t 

8.     re  1982  expenditures  for  purchaee  of  reeeerch-releted  computer  ssrvlcss  sti 


On -cm  put  computing  facilities 
Off-campus  computing  fscllltlss 


9.     re  1982  expenditure  for  melntetvancs  and  repair  of  ell  sclsnf.lfic  research 
equipmsnt  In  this  department  (or  facility)! 


Service  contracts  or  field  service  for  maintenance  end 
repelr  of  lndlvlduel  Instruments 

Selerles  of  unlvsrslty  melntenance/rspalr  personnel  (pro- 
rste  If  personnel  do  not  work  full-time  In  this  department/ 
fsclllty  or  on  servicing  of  reeearch  equipment)* 

Other  direct  costs  of  supplies,  equipment  end  feclllties 
for  servicing  of  resesrch  instruments  in  this  depertaent/ 
fsclllty 

Total 


10.    Art  the  Instrumentation  support  ssrvices  (e.g.,  machine  shop,  electronice 
shops)  et  this  dspertasnt  or  fsclllty!    (CHECK  ONE) 

I  I  1.  Excellent 

I  I  2.  Adequate 

l_J  3.  Insufficient 

I  I  4.  Honexietsnt 
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PAW  C.    ADEQUACY  OP  ABO  NEED  :CR  SCI  CUT  If  IC  RESEARCH  EQOIPMZXT 

11.    In  t^rat  of  its  capability  tc  anabla  invaatigatora  to  puraue  their  Major 

research  interests*  ia  th*  rataarch  equijwr.t  in  thia  departnent  (or  facility) 
giniCllly:     (CHECK  ONE  »  EACH  COLUMN) 


Typa  of 

inveatigator 

Tenured  faculty 
(and  equivalent 
P.I. 'a) 

Urtenured  faculty 
(and  equivalent 
P.X.'a) 

1. 

Excallant 

*•  1_J 

*• 

2. 

Adequate 

2.  I_l 

3. 

Xnauff icient 

3.  I_J 

3.  1  1 

12.    Ara  thara  any  important  subject  araaa  (t.g.,  recoabitant  ONA»  aicrocircuitry, 
plasaa  phyaica)  In  which  invaatigatora  in  thia  departaent/facility  ara  unabla 
to  perfora  critical  axparisanta  in  thair  aroaa  of  raaaarch  intaraat  dua  to  lack 
of  ntedtd  equipaent? 


1.    Yaa        *■    12a.   what  ara  tha  top  priority  aubjact  araaa 
for  expansion/upgrading  of  presently 
available  equipment?    (SPCCirY  UP  TO 
THREE  AREAS) 


II    2.  Ho 


13.   As turning  future  total  federal  raaaarch  support  to  your  departaent/facility 

remains  roughly  constant  at  preaent  levela*  bow  -  if  at  all  -  would  your  departaent 
(or  facility)  radiatributa  its  research  funda.    FOR  EACH  AREA*  PLEASE  INDICATE 
WHETHER  FUNDING  SHOULD  BE  PROPORTIONATELY  INCREASED*  DECREASED.  OR  MAINTAINED  AT 
ABOUT  THE  PRESENT  LEVEL.     (NOTEt     PROPORTIONATE  INCREASES  IN  ONE  OR  MORE  AREAS  MUST 
C£  ACCOMPANIED  BY  CORRESPONDING  DECREASES  IN  OTHER  AREAS.     If  THE  CURRENT  BALANCE 
SHOULD  BE  MAINTAINED,' CHECK  *NO  CHANGE"  COLUMN  FOR "ALL  AREAS.) 


Area  of  Federal  support 


Recoaaended  radiatribution  of  reaearch  funds 


1.  Increaae 


2.  Dec rt ait 


3.  No  change 


a.  Faculty  salariaa 

b.  Postdoctorate  aalariaa 

c.  Graduate  atudant  aupport 

d.  Fon-profeaaional  aalariaa 
a.  Equipping  of  atartup'laba 

f.  Equipaant  purchaaaa  (other 
than  a,  above) 

g.  Equipaent  Maintenance 

h.  Other  (SPECIFY)   
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W#    2L?5*?ttL'*?2r?1  (undiD9  °f  research  equipment  were  possible.  In  which  Area 
would  increased  investment  be  most  beneficial  to  investigator,  in  this 
department/facilj'.y?    (CHECK  OSS) 

l_l  *•  Large  scale  regional,  and  national  facilities  (large  tele- 
scopes, reactors,  oceanographic  vessels,  high  performance 
coa^ttjters,  etc.) 

' — I    2»    Major -shared  access  instrument  systess  (550,000-51,000,000) 
not  presently  available  to  departaent/facility  aeabers 

I — I    3«    Upgrading/expansion  of  equipment  in  510,000-550,000  range 

I — I    «•    General  enhancement  of  equipoent  and  supplies  in  labs  of 
individual  P.I. 'a  (items  generally  belov  510,000) 


l_J    5.    Other  (SPECIFY) 


15.    In  the  510,000-51,000,000  coat  range,  what  three  items  of  research  equipoant 
(if  any)  are  cost  needed  at  this  tine  in  this,departaent/facUity? 


depar  taen t/f ac  11  i  t y ? 
Item  description  Approximate  coat 


STb^r  ^ST^/??^1  J^1;""1**11*11*  policies  and/or  procedures  be  modified 
to  better  meet  the  research  needs  of  researchers  ia  this  department/facility? 


Si!£?Hli?J!Lln  tnc>P*c*  f*^1    <«>  *ny  additional  information  needed  to 
fSS ^  ?S?TCh  CqUlp°?nt  4ftd  equipment-related  needs  in  this  department/ 
facility,  or  (b)  any  suggestions  to  improve  this  survey  questionnaire. 


18.    Person  who  prepared  this  submission! 


XK\2  AND  TITLE  AREA  CODE 

19.    How  many  person-hours  were  required  to  complete  this  form? 


-  EXCH  -  NO.  -  EXT. 
HOURS  MINUTES 


PRLC 
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APPENDIX  C 
INSTRUMENT  DATA  SHEET 


C-l 
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1  .i 
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Form 
Number. 


OMB  No.  3MS-00CT 
Expiration  Otte  9/30/tS 


NATIONAL  SURVEY  OF  ACADEMIC  RESEARCH  INSTRUMENTS  AND  INSTRUMENTATION  NEEDS 
NATIONAL  SCIENCE  FOUNDATION  AND  NATIONAL  INSTITUTES  "OF  HEALTH 

INSTRUMENT  DATA  SHEET 


This  data  sheet  b  pert  of  a  major  national  assessment  of  the 
condition  of  Academic  research  Instrumentation.  The  data 
sheet  -oneerns  a  particular  instrument  or  Instrument  system 
comp-ient  selected  from  university  central  Inventory  re- 
co-di  as  part  of  a  national  sample  of  research  instruments 
in  your  field. 

The  Item  described  below  (in  ID  BOX)  b  assumed  to  be  an 
Instrument  or  instrument  system  component  (a)  easfaned  to 
tt»  department  or  research  facility  and  (b)  used  In  WS3  for 
original  scientific  research-as  disitnfubhed  from  teaching, 
patient  care  or  other  nonrescerch  uses,  or  from  inactive  or 
Inoperable  equipment  net  used  at  all  in  ISIS.  Please  note  In 
tho  comments  section  (Question  IT)  if  either  assumption  fa 
incorrect;  however,  please  compitte  as  much  of  this  form  as 
possible. 

Me  ask  that  the  requested  factual  information  (items  1-t) 
and  functional  assessment  date  (items  *-lt)  be  obtained 


from  the  person  or  persons  who  are  most  knowledgeable 
about  the  history  and  current  status  of  this  instrument. 
Where  exact  cost  (or  other)  data  are  not  available,  estimates 
are  acceptable.  Your  estimates  will  be  better  than  ours. 

This  study  fa  authorized  by  law  (pi.  9^.44).  while  you  are 
not  required  to  respond,  your  cooperation  b  needed  to  make 
the  results  of  Uus  survey  comprehensive,  accurate,  and 
timely.  Information  fathered  in  tha  survey  will  be  used 
only  for  developing  statistical  summaries.  Individual  per- 
son*. Institutions,  and  departments  will  not  be  identified  in 
published  summaries  of  the  data. 

Your  cooperation  in  returning  the  survey  form  promptly  is 
very  important.  Please  direct  any  questions  about  this  form 
either  to  your  university  study  coordinator  or  to  Ms.  Dunne 
Wabh  at  westat.  Inc,  the  NSF/NIH  contractor  for  this  study 
(30 1-23 1-1 300). 


INSTRUMENT  PURCHASE  PRICE  (initial  value) 

The  ordinal  price  of  the  instrument  (or  its  components.  If 
built  locally)  at  time  of  original  purchase  from  tha  manu- 
facturer. Do  not  induce  cost  oi  separately  purchased 
accessories:  do  not  subtract  any  discount  (e.g..  for  trade-in) 
which  may  have  been  received.  Please  estimate  if  original 
record*  are  not  available. 

ACQUISITION  COST 

The  actual  coat  of  thb  instrument  when  acquired  at  thfa 
Institution,  .it purchased  new  by  Uus  university,  acquisition 
cost  -  purchase  price,  less  discount  from  manufacturer,  if 
applicable.  If  built  at  thb  Institution,  acquisition  cost  ■ 
cost  of  parts  *  estimated  cost  of  labor.  If  purchased  used, 
acquisition  cost  «  price  paid  to  seller.  If  donated  or  loaned 
by  Industry)  or  obtained  at  no  cost  from  government 
surplus,  acquisition  cost  ■  SO. 

REPLACEMENT  COST 

The  estimated  cost  to  purchase  this  instrument  (or  Its 
components,  if  built  locally)  or  one  of  roughly  equivalent 
function  and  capability,  at  today's  prices. 


DEPtKITION  OF  KEY  TERMS 


DEDICATED  ACCESSORIES 

Separately  acquired  "add-ons-  to  or  components  of  the 
instrumentation  system  of  which  the  instrument  described 
-alow  is  the  principal  clement.  This  includes  accessories 
that  are  presently  dedicated  solely  for  use  with  the 
reference  instrument  but  are  not  included  in  its  purchase 
cost  (in  item  C.  below).  Examples:  specimen  preparation 
and  photographic  accessories  for  a  particular  electron 
microscope;  oscilloscope,  microprocessor.  HPLC.  or  data 
system  accessories  for  a  particular  spectrometer-  key  entry 
disc  drive,  printer  or  plotter  accessories  for  a  particular 
microcomputer. 

YEAR  OF  PURCHASE 

The  calendar  year  when  this  instrument  (or  its  principal 
components)  was  originally  purchased  from  the  manufac- 


ID  BOX  -  INSTRUMENT  IDENTIFYING  DATA 


A.  Institution 

B.  Deportment  or  Facility 

C.  Instrument  Description 

0.  Central  Records  ID  * 

t.  Location: 

F.  Year  of  Purchase: 


C.   Instrument  Purehtse  Price: 
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-  t  - 

I.     FtMM  review  the  Identifying  date  (from  your  institution's  central  inventory  records)  in  the  f*t«-l  ID  BOX  end  make  any 
needed  eerrcetkm  or  additions,  with  special  attention  to  items  F  (YEAR  OP  PURCHASE)  and  C  (INSTRUMENT  PURCHASE 
PRICE). 

SEE  PAGE  t  FOR  DEFIKFTION  OP  ALL  BOLDFACE  TERMS 

3.     Where  was  this  instrument  located  during  19*3  whan  in  use!  (CHECK  ONE) 
|_J     1    Inactive  or  Inoperable  throughout  ISS3  (SKIP  TO  ITEM  17) 

It    2    Lab  or  facility  used  almost  exclusively  for  UTKJergraduale  instruction  or  other  nonreseerch  activity  (SKIP  TO 
ITEM  m 

|_l    4    national,  regional,  or  intcronivcrsity  resatrch  instrumentation  lab  (CONTINUE  TO  ITEM  3) 
|__|     4    NoodepartmeuUl  research  facility  (CONTINUE  TO  ITO  3) 

|_|    5    r^epartmeot-maneged  coooon  lab  or  research  instrumentation  facility  (CONTINUE  TO  ITEM  3) 
|_1    t    Within-depertmcnt  raacarch  lab  of  principal  investigator  (CONTINUE  TO  ITEM  3) 

I  I    T    Other  (SPECIFY)  . 


Docs  this  Instrument  have  any  DEDICATED  ACCESSORIES  not  included  in  the  INSTRUMENT  PURCHASE  PRICE  (from  ID 
BOX.  (tea  CI?  (See  page  1  definitions  of  key  terms) 


l_l 
II 


Yes  ■  >  ^  3a.  Estimated  efgregtte  purchase  price  of  all  DEDICATED 
ACCESSORIES  not  included  in  ID  BOX  item  C. 


3b.  Please  describe  and  estimate  the  purchase  price  for  each  separately  purchased  DEDICATED 
ACCESSORY  costing  <>0.000  or  more.  (If  additional  space  is  needed,  continue  in 
Question  IT  or  attach  a  separate  continuation  sheet.) 


Description  of  accessories  $10.000  or  more 

1.  

2.  

3.  

4.  


Purchasa  cost 


4.    Year  instrument  acquired  at  this  institution: 
It  


9.    ACQUSmON  COST  for  this  instrument  and  its 
accessories  (see  page  I  definition): 


Instrument  acquisition  cost 
Accessory  acquisition  cost 
Total 


Estimated  REPLACEMENT  COST  for  this  instrument 
and  its  accessories  (see  page  1  definition). 


Instrument  repUecfflent  cost 
Accessory  replacement  cost 
Total 
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7.    How  wu  this  instrument  acquired  at  this  institution? 
'"HECK  ONE) 


Purchased  new 
Purchased  used 

Locally  built  (ai  *  for  this  institution) 

Transferred  from  another  Institution,  e.g..  by 
Incoming  faculty  member  OKI?  TO  FTEM  « 

Government  surplus  (SKIP  TO  fiTEM  9) 

Donated  new  (SKIP  TO  fTEM  9) 

Donated  used  (SKIP  TO  ITEM  5) 

Other  (SPECIFY)  


SourceW  of  funds  for  acquisition  of  this  instrument 
(*nd  accessories)  at  this  Institution.  (SPECIFY  AP- 
PROXIMATE PERCENTAGE  CONTRIBUTION  TO 
TOTAL  ACQOlSmON  COST  FOR  EACH  APPUCA8LE 
SOURCE.) 

Funding 
contribution 
(percent) 


Funding  source 
Federal  sources: 
NSF  (National  Science  Foundation) 
NIH  (National  Institutes  of  Health) 
DOD  (Department  of  Defense) 
DOE  (Department  of  Energy) 
US  DA  (Department  of  Agriculture) 
Other  Federal  sources  (SPECIFY): 

Non-Federal  sources: 
Institution  or  department  funds 
Slate  frant  or  appropriate 
Private  nonprofit  foundation 
Business  or  industry 
Other  (SPECIFY)   


How  ouch  was  spent  for  maintenance  and  repair  (not 
for  operation)  of  this  instrument  and  its  accessories"" 
in  1913? 


Means  of  servicing  (maintenance/repair)  this  instrument 
during  19*3:   (CHECK  ALL  THAT  APPLY) 


None  required 

Service  contract 

Ffdd  service,  as  needed 

Institution-employed  maintenance/repair  staff 


Research  personnel  (faculty,  students, 
post-docs) 


l_l     «    Other  (SPECIFY)  _ 


Instrument's  general  working  condition  during  19*3 
(CHECK  ONE) 

I_J     1  Excellent 

I  I     2  Average 

l_J    3     Poor  (e.g..  unreliable,  frequent  ireakdowns, 
difficult  to  maintain  or  service) 

l_J    4    Inoperable  entire  year 


Research  function  of  this  instrument  durtng  1983. 
(CHECK  ONE) 

I  I     1    Most  advanced  instrument  of  its  kind  that 

b  accessible  to  those  who  use  It  in  thctr 
research 

l_l    2    Used  for  research;  more  advanced  Instru- 
ments are  available  to  users  when  needed 

l_l    3     Not  used  for  research  during  1943 


Technical  capabilities  of  this  Insl-ument  (te..  the  base 
instrument,  excluding  accessories)  (CHECK  ONE) 

l_l  1  State-of-the-art  (most  highly  developed  and 
scientifically  sophisticated  instrument  avail- 
able) 

M     2    Adequate  to  meet  researcher  needs 

LJ    3    Inadequate  for  research  (PLEASE  EXPLAIN): 
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Technical  capabilities  of  instrument's  current  ecces- 
sories.  (CHECK  ONE) 

I  I    t    Hot  applicable  -  Instrument  docs  not  have 
accessories 

I  I  2  State-of-the-art  (most  highly  developed  end 
~~         scientincstly  sophisticated  available) 

I  I    3    Adequate  to  meet  researcher  needs 

|_J    4    Inadequate  for  research  (PLEASE  EXPLAIN) 


15.  In  IW3.  was  this  a  fenertl  purpose  instrument  within 
en  «ret  of  reseerch  or  was  It  dedicated  for  a  partic- 
ular experiment  or  scries  of  experiments?  (CHECK 
ONE)  - 

|_J     1     Cenersl  purpose  (SKIP  TO  fTEM  1C) 
I   I    2     Dedicated  | 


IS*.  Did  this  involve  any  special  celtora- 
tion,  programming  or -other  raodiflca- 
tion  which  rendered  the  instrument 
unsuitable  for  feneral  purpose  use? 
(CHECK  ONE) 


I 


1  Yes 

2  No 


It  How  many  research  Investigators  made  use  of  this  instrument  for  reseircft  purposes  during  IMS  (ESTIMATE 
APPROXIMATE  NUMBER  IN  EACH  APPLICABLE  CATEGORY) 


1  Faculty  ftJ  equivalent  nonf acuity  researchers,  this  deportment/facility 

2  Graduate  and  medical  students  and  post  doctorates,  this  department/facility 

3  Faculty  and  equivalent  nonfecuity  researchers,  other  departments,  this  university 

4  Graduate  and  medical  students  and  post  doctorates,  other  departments,  this  university 

5  Researchers  from  other  universities 
C  irbnacademic  researchers 

7  Other  (SPECIFY)  


Total  number  of  research  users 


lla.  Instrument's  principal  field  of  research  use  m  I9t3  (e.g.,  geology,  biophysics,  plant  pathology,  pharmacology.1 


17.  Please  note  in  space  below:  (a)  Any  additional  information  needed  to  clarify  the  nature,  function  and  quality  of  this 
instrument,  or  (b)  any  suggestions  to  improve  this  questionnaire  or  its  instructions. 


It.  :***wt  who  prepared  this  submission: 

tfAME  AND  TITLE                                                 AREA  CODE  ■  EXCH  -  SO  -  EXT 
If.  How  many  person-hours  were  required  to  complete  this  form?     


HOURS 


MINUTES 
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Phas*  II  Advisory  Group- 


Dr.  Michael  Beer 
Department  of  Biophysics 
Jenkins  Hall,  Rm.  4K 
The  Johns  Hopkins  University 
Charles  and  34th  Streets 
Baltimore,  MD  21218 


Dr.  Murray  Eden 

Chief,  Biomedical  Engineering 

and  Instrumentation 
National  Institutes  of  Health 
Bldg  13 
3W13 

Bethesda,  MD  20205 


Dr.  Elkan  R.  Blout 
Professor  of  Biological 

Chemistry 
Department  of  Biological 

Chemistry 
Harvard  Medical .School 
Boston,  MA  02115 


Dr.  Larry  Vanderhoef 
Office  of  the  Chancellor 
573  Mrak  Hall 
University  of  California 
Davis,  CA  95616 


Davis 


Dr.  Colin  Bull 

Dean,  College  of  Mathematical 

and  Physical  Sciences 
Ohio  state* University 
Columbus,  OH  43210 


Dr.  John  Williamson 
Professor  of  Biochemistry 

and  Biophysics 
B601  Biology  Building/G2 
University  of  Pennsylvania 
Philadelphia,  PA  19104 


Dr.  Brian  Chabot 

Associate  Director 

Office  for  Research 

Agricultural  Experiment  Station 

Cornell  University 

292  Roberts  Hall 

Ithaca,  NY  14853 


Dr.  Ian  Jardine 
Department  of  Pharmacology 
.  Mayo  Foundation 
200  1st  Street,  S.W. 
Rochester,  MN  55905 


O 


53-277  (915) 
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